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PREFACE. 



The following Lectures, which are published at the 
request of some of those who heard them at the 
Royal Institution in 1891, have no pretensions to 
form a monograph upon the subject of which they 
treat. They are merely an elementary review of it, 
based upon modern physiological and anatomical 
research. It is intended that the present volume, 
which discusses the spinal cord and ganglia alone, 
shall be followed by two others — the subsequent 
courses of the FuUerian Lectures — one of which has 
been already delivered, and the other, it is hoped, 
will be given in the coming year. These deal with 
the structure and functions of the gi'eat brain, or 
cerebrum, and the little brain, or cerebellum. In the 
last course, some of the recent results of research in 
Physiological Psychology will be described. 
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vi PREFACE. 

Ill illustration of the present volume I am very 
greatly indebted to the kindness of Professors 
Cienkowski, Ecker, Eimer, Gad, Hseckel, His, 
Kleinenberg, Kolliker, Retzius, and Romanes, for 
the permission to use drawings from their original 
papers. 

Several figures have also been borrowed, by kind 
permission, from Professors Landois and Stirling's 
Text-hook of Human Physiology and other sources. 

Finally, the tedious work of correcting the proof- 
sheets and of compiling an index has been under- 
taken by my wife, whose unfailing judgment and 
criticism I cannot sufficiently acknowledge. 

V. H. 

25 Cavendish Squabe : 

June, 1892. 



GENEKAL CONTENTS. 



>♦! 



LIOTUKI PAOI 

I. HISTORICAL SKETCH I 

II. NBBVOUS SYSTEMS OP PROTOZOA, CCELBNTERATA, AND 

MEDUSA .......... 24 

III. NERVOUS SYSTEMS OP THE ECHINODERMATA AND ARTHRO- 

PODA 47 

IV. NERVOUS SYSTEM OP THE VBRTEBRATA— THE SPINAL CORD 78 

V. THE SPINAL GANGLION OP THE POSTERIOR ROOT AND THE 

GANGLIA OP THE SYMPATHETIC SYSTEM • I03 

VI. NERVE FIBRES I27 

VII. NERVE PIBBES {continued) AND SPINAL NEBVE CENTBES . 148 

VIII. SPINAL NEBVE CJSNTnES— ^{continued) 174 

IX. THE CENTBES OP THE MEDULLA OBLONGATA AND THE 

CHANNELS OP CONDUCTION IN THE SPINAL OOBD . 189 



LECTUKE I. 

The study of the centml nervous system, of its 
^structure and functions, is interesting and impor- 
■taut to every one, and not necessarily only to 
BBpecialists, such as neurologists, anatomists, and 
I physiologists. But although it is easy to construct 
I in our minds the general outline of the nervous 
[system, such as we see it exemplified in the higher 
lanimals, it is nevertheless impossible to coimect our 
I popular preconceptions of its function with the 
•.actual facts, as tliey are now being rapidly accu- 
IjDulated by modern reseai'ch, unless we first pass 
tin some sort of review, however brief, the growth 
■ftiid development of the ideas on this subject, many 
■of which have often suffered change only after cen- 
Ituries had famiharised them into household words, 
I if not household truths. 



A good example of the object of our study is 

shown in Fig. i — viz., the central nervous apparatus 

s it exists in the cat : the main parts of which are 
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fainiltar to all of us— the large 
bi-aiii or cerebrum (C), the 
small bi-ain or cerebellum (Cb), 
and, in intimate connection 
with both of these, the spinal 
coi-d or marrow {Sp. 0), the 
upper part of which is desig- 
nated the medulla oblongata 
or bulb (b). In intimate rela- 
tion with the spinal cord, 
observe some of the numerous 
spinal nerves which arise by 
two roots — one motor, one sen- 
sory — and are distributed to 
the various parts of the body. 

One small point of detail I 
must not omit from this out- 
line, on account of the extra- 
ordinary prominence which 
was given to it by the ancients 
— I mean the relatively un- 
impoi-taut fact that the central 
nervous system, and specially 
the cerebrum, is tunnelled by 
a small cavity, which, widening 
somewhat above in the large 
brain, is there termed the 
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lateral ventricle. It is well shown (LV) in this H 


^^ photograph (Fig. 2) of a transverse section of the H 


^^frwhole head, giving you its true proportions. H 


^^B Tm-ning 


now to the subject of the present lecture, ■ 
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p^^^^^ 


^^M Tbe skull 


sawn across with the brain in sHu.—hBij and llehiaa. 
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e.c. = Corpu3 callOBum, 
iF= Lateral ventricle. 

c = Caadate nucleus \ 
siT-^LenticuiarnucleQa}'^'"!""'"'^'"'"- 
na = Amygdaloid nucleus. 
p = Pituitary body. 
B = Base of skull (baai -sphenoid). 


^^Bwe shall be astonished to find that the ancients | 


^Bwere but 


very impei-fectly acquainted with the H 


^^Hbrain and 


spinal cord, and that it was not until H 


^^ftnany year 


after the foundation of Greek psychology H 


^ 


^^^^J 



4 THE STRUCTURE AND i'UNCTIONS leut. i. 

that they became aware even of the existence of 
nerves, or, as we now prefer to call them collectively, 
the peripheral nervous system. Beginning therefore 
with Plato, who has reflected for us the first genuine 
crystallisation of thought upon that combination of 
structure and function which we call "neurology," we 
learn at once the intimate relationship which popular 
beliefs and earliest traditions have borne to what 
is commonly known as "psychology," Thus we find 
that he starts by imagining that the Deity formed 
sublunary lieings in part of His own nature, aiid that 
to these the duty of the manufacture of animal 
bodies was entrusted. In man, accordingly, an im- 
mortal part, of the same nature as these sublunary 
beings, was supplied with a body, a material struc- 
ture. The soul consisted, according to this view, of 
two, or, to speak more propei'ly, tliree parts, which 
were (i) the spiritual, the intelligence ; (3) the 
material, which included, first of all, anger or courage, 
or the passionate element ; and, secondly, the lower 
appetites. And here we have clearly shown the 
popular distinction between purely mental pheno- 
mena and those (other) mental phenomena which are 
more easily recognised as belonging to the physical 
life. The next step was to ajjply this view of 
human psychology to the botlily system as tlien 
known. This was achieved as follows : — The sphere 
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being considered by the ancients as the symbol of 
peifection, Plato regarded the more or less globular 
' head as the seat of the intelligence and of percep- 
tion ; while as to the more material phenomena, he 
placed the jmssiouate element in the heart (arguing 
imperfectly from the changes :n the action of that 
organ imder the influence of passion), while the 
bodily desires he assigned to the lower parts. 
This psychology was gi'eatly confused by many 
elaborate corollaries which were built upon it as 
a result of discussion apart from direct observa- 
tion. 

Hippocrates and his pupils, following in the 
same line, became led into a number of hypothetical 
I considerations, which involved them in such extra- 
ordinary errors of fact as to render it impossible 
I for us to profitably pursue their lines of thought. 

Even Aristotle, who at the close of the fourth 
I century b.c. was provided by Alexander with a 
I Bplendid laboratory, furnished with specimens 
gathered from all parts of the world at practically 
any cost, although pursuing truly scientific investi- 
] gation, was led into similar pitfalls bv theorizing 
I from incomplete observations. Aristotle's laboratory 
fresearch has been to a large extent preserved to 
1.118 — the first gi'eat example of the results of State 
»aid to science ; but, unfortunately, what would have 
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been the most interestmg relic has disappeared. I 
refer to the anatomical drawings which he is known 
to have had constructed by many artists. His 
system of psychology, which is divisible into the 
headings of imagination, judgment, and sensation, 
soon became inapplicable, in the pi'ogi-ess of anato- 
mical knowledge, to the actually observed structm'e 
of the nervous system. And indeed, when we 
examine his views in detail, we find that he did not 
really discover the nerves as separate tissues or as 
having special functions ; and in fact, having been 
led from theoretical reasons to consider the brain as 
merely an instrument for cooling the Iieart, he was 
obliged to regawl this latter as the seat of the soul, 
or as we would say nowadays, perhaps, the mind. 
Hence it was not until some years after, that sohd 
progress in the investigation of our subject was 
attained by the only legitimate method — viz., direct 
scientific observation and experiment — canned out 
especially by Herophilus of Alexandria, who about 
300 B.C. occupied the chief position in the extensive 
laboratory, erected by Ptolemy I. in a large building 
which included the well-known and splendid Library 
and Museum, built among the palaces in the Bru- 
chium or royal quartei' of Alexandria. By means of 
his human dissections he was the first to discover 
the peripheral nervous system oi' nerves, that these 
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latter were connected with the brain and spinal 
cord, and that they conveyed sensory impressions. 
After him another investigator, whose influence was 
very great — I mean Erasiatratus — either invented or 
concentrated prevailing ideas respecting the relation 
between the nervous system as a structure, and 
mental phenomena as its function, which Ideas, 
although absurdly erroneous, nevertheless held 
their own for something like 1 500 years, and 
"were based upon the destination of the air which we 
inhale Into the lungs. Erasistratus thought that 
this air underwent a kind of elaboration in the 
lungs, that thus altered it passed to the heart, 
I where it again underwent change, and fi-om the 
I heart travelled to the brain, where in the ventricles 
it became converted into animal " sph'it." Now this 

■ animal "spirit," or "vital spirit," which I now refer 
' to for the first time. Is a most Intei'estlng fact as 

■ regards the development of knowledge of the func- 
I tion of the nei-vous system, for it represents the 
I first glimmerings of the truth that, what we call, 
I mental phenomena are the concomitants, if not 
E the results, of the functional activity of the hrain 
land spinal cord, and is also the first attempt to 

refer those phenomena to their undoubted source, 
work of Erasistratus, although popularising 
f vague and illogical views, nevertheless received 
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complete and scientific examination at the hands of 
the great Roman physician, Galen. 

Galen, who was of Oriental origin, appears to have 
been a man like Hunter of modern time, in that 
he was capable of regarding such a great subject as 
that which we are now examining with a remarkable 
breadth of view, considering the imcertainty of 
general knowledge in his day. Educated, of course, 
at Alexandria and Pergamos, his ideas on the nervous 
system reflect the best and latest teaching of those 
great schools ; but the immense advance which his 
writings show is evidently due for the most part to 
his own genius, an example of which I should like at 
once to quote. I have just reminded you of the 
origin of the theory of the animal spii-it, or pneuma. 
Galen, while he accepted the existence of this 
pneuma, showed by the direct experiment of opening 
an artery in an animal that it was not the one thing 
of importance in the vascular system (as Erasistratus 
supposed), but that the blood-vessels contained blood, 
and that probably the pneuma, or spirit, was mixed 
with the blood. Upon this last point he gives re- 
markable evidence of bis scientific mind by stating 
that he has no proof — i.e., experimental — of the 
existence of the pneuma, saying, in fact, that he only 
regards it as a means of explaining problems other- 
wise inexplicable, and in this respect his use of the 
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lexpreeBion is exactly parallel to that of the term 
" ether " by modem physicists. Following no doubt 
I his teachers, but improving on their ideas, lie believed 
I that the brain was the chief of the nervous structures, 
■«nd was the seat of all sensation and voluntary move- 
l;ment, and by his great anatomical industry he disco- 
I vered the more important of the innumerable details 
rin the structure of the brain, nerves, and muscles. 
■ But the extraordinary strength of Galen's position, 
and the remarkable force of his writings, many of 
ivhich are fortunately preserved to us, depend upon 
f the fact that he clearly recognised the body to be a 
■■physical structure, and consequently that its functions 
I could only be truly determined bv the physical method 
I of experiment, and it was by the employment of this 
[-method that he discovered not only the fundamental 
I factsof the cireulation andof the respiration, &c., but 
I determined, bv devising the following experiment, 
I that the nerves were the source of muscular contrac- 
r tion. As we shall see in our subsequent study of 
I comparative neurology, this discovery by Galen of the 
|-foundation of neuro-muscular physiology has been 
[the key to all subsequent discovery from his epoch — 
viz., from that of the Emperor Commodus — to the 
Kjpresent year. The experiment by which he re- 
Lvealed this fact was, like most great scientific 
■advances, a very simjile one. He divided in an 
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animal the fifth spinal nerve in the legion of the 
neck, and found as a consequence that all move- 
ment was lost in the muscles of the slioulder which 
were supplied by that nei'\'e, I could multiply 
laigely the wealth of knowledge obtained by Galen's 
observations, but time will not permit more than 
another example, in which he shows the folly of 
reasoning without experiment. I refer to Ai'istotle's 
gi'eat theory that the brain cooled the heart. Galen, 
by simply exposing the brain in an animal, discovered 
that it was as hot as the heart. 

In the chaos which followed the fall of the 
Roman Kmpii-e, and in the unusual transmigrations 
of peoples which accomjianied that general diainte- 
gi'ation of the then civilised world, we are quite 
prepai'ed to learn that, like all other forms of know- 
ledge, scientific investigation pi'actically ceased, and, 
indeed, only received cultivation again after a powei- 
fiil race had once more succeeded in constituting 
itself out of the general niin. This, relatively 
speaking, was first accomjjlished by the Arabs. As 
soon, therefore, as we find them settled in their new 
metropolis at Bagdad, we leai'ii that a College of 
Medicine was instituted by the Khalifs ; and when 
the Saracenic dominion «'as carried into Spain, a 
similar development of knowledge was obtained by 
the institution of splendid libraries and schools at 
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Cordova and Seville. Here, unfortunately, with all 
this great wealth of educational appliances, the 
religious dogmas of this singular people prevented 
their achieving as wonderful a progi'ess in neurology 
as they attained in chemistry. For, believing as 
they did, that the soul only left the body very 
slowly after death, the dissection of human beings 
involved too great risk of tortiu'e to the dead peraon 
to permit of such a practice becoming general, 
and for this, among other reasons, was consi- 
dered incompatible with lelamism. Consequently, 
up to the tenth century we find tliat the great 
Arabian physicians, who added vastly to our know- 
ledge of drugs and empirical treatment of disease, 
were nevei'theless reduced to fuibishing up the old 
Greek views of neurology, which they obtained prin- 
cipally by translations, made by their Syrian slaves, 
of the manuscripts which fell into their hands upon 
their conquest of Alexandria and other Greek cities. 
In this way we ai'C brought, witliout any tangible 
progress In the knowledge of our present subject, 
from Galen's time into the mediaeval epoch, which we 
may take as begiiming with the tenth and eleventh 
ceutmies ; but it is an interesting eonfinuation of 
the general advance made by the Arabs in other 
branches of learning, that when we Investigate the 
circumstances under which knowledge of anv kind, 
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but especially science, was brought into mediaeTal 
England, at the time of the Conquest, we find, 
that the English monks or students who travelled 
abroatl for the purpose, went to the south to the Arab 
Universities, as well as to Athens. Thus the intro- 
duction of Greek science and philosophy was achieved 
by John Basyng, a student of Oxford, in the eleventh 
century, who travelled as far as Athens, and thence 
brought back the MSS. of the Greek authors ; while 
a Benedictine monk, of Bath, named Abelard, 
travelled among the Spanish Moore, and spent many 
years In Spain, translating both Greek and Arabian 
MSS., which he subsequently brought to England. 
Such monks also produced compilations from the 
Greek MSS., one of the earliest of which, obviously 
based upon the psychology of Aristotle, is to be found 
both in the Cottonian and Ashmolean collections on 
Human Physiognomy. It was apparently written in 
the year 1 152, and, bound up with the Oxford copy, 
is, for us, a still more interesting MS. of tiie same 
epoch on the structure of the human body, and 
infinitely precious to us since it is illustrated by 
drawings. Through the courtesy of Mr. Nicholson, 
the Bodleian Librarian, and of Mv. Hart, the Con- 
troller of the Clarendon Press, I am enabled to show 
in Fig. 3 an outline from a photogi-aph * of the 

• Kindly verified for me by J. Fairbairn, Esq. 
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di-awing which illustrates the nervous system in 
this valuable work. It is easy to see that, as 




matter of fact, it does not take us one step 

»eyond the ideas of Aristotle, and Galen's teaching 

almost ignored. That is to say, hundreds of 

lars had passed by without the difficult problem of 

S nervous system receiving practically any furthei' 
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solution. Notice tliat in the figure, the bi'ain is not 
even indicated, a significant proof of the contempt in 
which Ai'istotle held it as being merely a cooling 
apparatus ; but notice also that the artist has care- 
fully drawn a pair of nerves arising on each side 
fi'om the central coitls, the correctness of which, of 
course, was due to Galen, 

At the close of the twelfth and the beginning of 
the thirteenth century, the Church of Rome became 
apprehensive of the I'eaults of the introduction of 
Greek philosophy and science, and in Paris Aristotle's 
works were publicly burned, and the students who 
read him were persecuted ; in a short time, however, 
the desire for truth reasserted itself, and the Govern- 
ments of the various countries gradually supported 
the dissemination of learning, and enlarged the 
foundations of the Universities. 

With the Renaissance of general literature in 
Italy, there began that i-emarkable development of 
physical science in that country which culminated in 
such a brilliant aggi'egation of scientific knowledge. 
The study of anatomy became a recognised branch 
of education, and with the lectures by Mondini, who 
was Professor in Bologna in 1315, we find a com- 
bination of mediseval anatomical research and 
Arabian therapeutics. Shortly after, all the Univer- 
sities followed this example, and provided that a 
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,y should be annually dissected, though it is 
astonishing to find that, until the next 
century, this was usually performed by a barber's 
assistant with a razor. In the fifteenth century, 
anatomical research was immensely extended in 
Italy, and formed the foundation upon which in 
England two great physiologists, Harvey and WiUis, 
succeeded in the seventeenth century, in erecting 
their structures of the circulation and nervous system 
respectively, wliich effected a complete revolution 
in each of those subjects ; their epoch consequently, 
after the troubles of the Commonwealth, forms a fresh 
level of knowledge which has undergone extension 
-rather than modification dui-ing the two centuri^ 
Vhich have subsequently elapsed. It is now only 206 
years since Willis's researches on the central nervous 
system were published in his native language, and 
they exhibit such an extraordinary grasp of the 
function {and its corresponding relation to structure) 
of the brain and nervous system generally, that I 
shall give verbatim some of his statements, for 
they deserve fer more than a passing summary, 
inasmuch as it will be seen, as these lectures proceed, 
that his remarks are almost invariably logical and 
accurate deductions from the actual facts which he 
observed. In the first place, we may note the way 
which he completely throws over the teachings 
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of the Greek and KAiiiaii schools, which fell into the 
very natural but protbund mistake of regarding the 
perijiheral plienomena in the heart as the index 
of local psychical changes, instead of mere secondaiy 
in<lications of central ones. For he states that the 
hrain is " the chief seat of the rational soul in a man 
and of the sensitive in brute beasts ; and indeed, as 
the chief mover in the animal machine, it is the origin 
and fountain oi' all motions and conceptions." But 
the next point of vital importance which he fii-st 
cleai'ly enunciated was that which occupies the at- 
tention of all neurologists at the present time, and 
which is probably the greatest advance gained in 
}>8ychology ever since it became a science — I mean 
the localisation of function to distinct pai'ts of the 
nervous system. The first place where he shows us 
that localisation of function nmst exist is when he is 
attempting to explain the reason why the cortex or 
Hurfiice tjf the brain is thrown into convolutions, or 
" crankliiigs " as he calls them. Upon this point he 
speaks as follows : " For as the animal spirits for the 
various acts of imagination and memoiy ought to be 
moved with certain and distinct limits or bounded 
]ilaces, and those motions to be often iterated or 
repeated through the same tracts or paths, for that 
reason these manifold convolutions and infoldings of 
the brain are requu-ed for these divers manners of 
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oixlinations of tlie animal spirits — to wit, that in these 
cells or storehouses severally placed might be kept 
the species of sensitive things, and as occasion serves 
may be taken from thence." 

He subsequently developed this theory, and 
showed that the cortex or surface of the brain, 
was, as we now know it truly to be, the seat of 
origui of the ideas, and fm'ther that (page 106) 
its excitation, which lie represented as spirits, 
passed from the cortex into the substance of the 
brain, and thence into the spinal cord and nerves. 
The passage of the nerve impulses along the 
nerves, or, as we now know them, along the nerve 
tibi'es, is a point of such vast importance that 1 
may be peiinitted here to digi-ess a little for its 
discussion ; the more especially as Willis, by reason 
of the imperfect means of anatomical research, fell 
into an eiTor, which itself actually becomes in- 
vested with the gi'eatest interest when we discover, 
as we siiall directly, that it was not shared by 
Willis's gieat coutemporaiy, Sir Isaac Newton, 
although the latter was not a physiologist. Thus 
Willis says that the nerves themselves, as may be 
discovered by the help of "a microcosm or per- 
spective glass, are fm-nished throughout with the 
cords and passages, as it were so many Uttle holes 
I in a honeycomb." And he goes on to compare the 
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uei've to a poi-ous cane. The passage of the nerve* 
impulses he describes as follows : " Within these 
little spaces the animal spirits or very subtle little 
bodies, and of theu- own nature ever in a readiness 
for motion, do gently flow." And he subsequently 
goes on to suggest that the cerebral spinal fluid 
which bathes the brain and the spinal cord goes 
with the spirits, thus : "This nervous juyce being 
derived from the brain and cerebel into the medulla 
appendix, is carried from thence by a gentle sHding 
down through the nei-ves." Now here we see how 
so gi'eat a man as Willis was influenced by general 
beliefs prevailing on the subject of the soul, &c., 
whereas the unbiassed mind of Newton, proceeding 
at the same epoch of time fi-om the very definite facta 
of experimental physics, ibrestalled the views con- 
cerning the natui'e of nerve impulses and their 
passage along neiwe fibres which are ciurent at the 
present day — i.e., about 200 years after he wrote. 
For among the celebrated questions which are to be 
found at the end of his " Optics," he says : " Qu. 12. 
Do not the rays of light in falling upon the bottom of 
the eye excite vibrations in the tunica retina, which 
vibrations, being propagated along the solid fibres 
of the optic nerves into the brain, cause the sense 
of seeing'?" And he goes on to show why it 
must be the solid part of the nerve which thus 
conducts. 
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But now, leaving this point, I wish to make one 
Bore remark concerning Willis's great improvement 
in our knowledge of the workings of the brain or 
cerebrum. I have shown you how even Galen 
fell in with the views of the later Greeks, and 
believed that the ventricle of the brain had a 
great deal to do with the activity, if not the manu- 
facture, of the animal sjtirit — i.e., the nerve energy. 
As Willis says: "The ancients have so magnified 
this cavern that they aflii-med It the shop of the 
animal spirits, both where they themselves were 
appropriated and performed the chief works of the 
animal functions." And then he goes on to say 
that this is absurd, that the animal spirits are such 
volatile little bodies that they would fly away out of 
the cavity ; and it is very amusing to read his more 
or less contemptuous introduction of us to the true 
function and object of this cavity, for he shows that 
it is usually full of fluid, adding, " Wherefore almost 
all anatomists who are of a later age" — observH the 
word "later" — "have attributed a vile office of a 
Jakes or sink to this more inward chamber of the 
brain." He goes on to say that it is nothing but a 
lymph cavity, and in this he is unquestionably 
correct. Thus we see the anatomical research of the 
sixteenth and seventeenth centuries giviiig the coup 
de grace to the hypothetical psychology of the 
elassicaJ writers. 
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I must now pass on, but cannot leave WUlis 
without dmwing attention to the remarkable jjre- 
Bcience and the logical thread of argument by 
which he comes to the moat important conclusion, 
partly contirmetl Ijy modern researeh, that the 
office of the " cerebel " — i.e., the small brain — is to 
be the som-ce of involuntary actions, and, he adds, 
passions. Finally, he undoubtedly foresaw and 
clearly conceived the idea of what was regai'ded 
118 the greatest discovery in neurology of the last 
hundred years — viz., the principle and theoiy of 
reflex action as established by Whytt in the 
eighteenth century. For he says, in speaking of 
the lower animals, which are destitute of de- 
veloped brains : " So long, therefore, they being 
destitute of the internal principle of motion, move 
themselves all members only as they are excited 
from the imjiulse of the external object, and so 
sensation preceding motion is in some manner the 
cause of it," Nothing could express more clearly 
the whole position of what we mean by a simple 
reflex act, the jirinciples of which underlie the 
function of the nervous system wherever such a 
system exists. 

I take as my next landmark in the development 
of neurology the commencement of that feeling after 
the localisation of function, which is so well known 
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to you as the world-wide discovery of Sir Charles 
Bell. 

Galen had already shown that thei-e must be 
nerves of sensation and nerves of movement, but 
beyond Willis making it sure that the nei-ves did 
convey sensation and " instincts to movements," no 
fiu'ther determination as to the particular part of 
the nervous system which might be occupied in 
providing for such transmission of sensations and 
movement was made imtU 1 8 1 1 , when Sir Charles 
Bell by his numerous investigatious was led to 
believe that separate parts of the brain and spinal 
cord subserved these two functious. To put this 
matter on an accurate footing, he says himself that 
nothing but experiment could decide the point. He 
further states that, in his opinion, at that time it 
was too difficult to try experiments on the brain. 
He therefoi-e began by experimentmg upon the 
spiTial cord, and he satisfied himself that there was 
such a dififerentiation of function in the spinal 
cord. While he was performing these experi- 
ments, he remembered that the spinal nerves had, 
he says, a double root. He therefore laid 
I the roots of the spinal iiei'ves and irritated 
rthem, discovering thereby that it was the anterior 
^ which gave rise to movements in the muscles, and 
not the posterior. He says : " I now saw the mean- 
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ing of the double connection of the nerves with the 
spinal maiTow." And, in truth, he had discovered 
the firat experimental fact which established irre- 
futably the immeiise principle of localisation of 
function. For having thus demonstrated by the 
only method of pi-oof possible that the conductmg" 
channels in the nervous system possessed differences 
of function, it was relatively an easy step for 
subsequent Investigators to show that the nerve 
centres, to which those channels led, were also 
similarly gifted with the diffei'entiation of functional 
ability. 

Many causes, however, tended to hinder jjrogress 
in this direction, and it was actually not till 1870 
that the next absolute proof was obtained of the 
localisation of function, so fai- as the highest centres 
of the nervous system were conceraed. In that 
year Fritsch and Hitzig discovered that electrical 
excitation, with minimal stimuli, of vaiious points of 
the cortex, caused those storehouses, of which Willis 
spoke, to discharge, and to reveal then." function by 
the precise limitation of the groups of muscles which 
they were able to throw into action. These researehes 
were abundantly confii-med and gi'eatly extended in 
this country by Pi-ofessor Ferrier, and thus has been 
constructed in the history of this subject the most 
recent great platform or stage of permanent advance. 
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The details of this advance I shall give in the 
second course of these lectures, but it is impossible 
for us to follow them with any profit unless we have 
clearly established in our minds the basis of all 
nerve fiinction — ^viz., reflex action ; and to the 
consideration of that basis, with its beautifiil de- 
velopment in the spinal cord, will be devoted the 
lectures of the present year. 
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LECTURE 11. 



We liave seen how the earliest authors gradually 
determined that there were two great principles 
underlying the function of the central nervous 
system. The first of these was what we now 
call reflex action ; the second, the limitation of 
the localisation of definite fiinctions to special parts 
of the structm'e or system. Speaking popularly, by 
the term " i-eflex action " is to be understood 
simply the fact that the nervous system provides 
the necessary apparatus for enabling an animal 
to make a response in the shape of movement 
when it receives a sensory impression. I may 
I'emind you in passing, that an ejaculation, cry, 
or even connected phrases when made by the higher 
animals by way of such responses, lU'e of course 
only movements, higlily specialised no doubt in the 
last case I have imagined, but still only move- 
ments. To impress this still more upon you, 1 may 
I'emind you tliat what we call directing the atten- 
tion is in its essential particulars a combination 
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of movements. As to the expression " localisation: 
of function " it needs no further enlargement ; the 
temi sufficiently explains itself These two great 
principles being clearly before us, we ai-e enabled to 
pi-oceed at once to the study of the nervous system 
as we see it in the lowest animals. For just as it 
was necessary for us to review the work of previous 
investigators, so it is now necessary for ua to 
examine the function of the nervous system as it 
is exemplified in its simplest foims. Before, how- 
ever, I actually enter upon the subject in detail, I 
I must say a few words by way of prefatory caution. 
1 This caution refers to the hesitation which we 
ought to feel in regai-ding the objective phenomena 
I presented by the lower animals, as resembling in 
I then' causation the similar objective phenomena 
' which are evolved by our complex nerve systems, 
which we are able at the same time to analyse 
by means of subjective introspection. To make my 
meaning clearer, let me refer to a very populai- 
illustration of this difficulty. The poet has spoken 
of the pang which a beetle endures, when suddenly 
exterminated, and has compared it with that 
suffered by a giant. Such a thought as this 
means that the phenomena of the nervous system 
of the lower animals only difl'er from those of the 
higher m quaiitity ratlier than quality, and is 
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an instance of the want of appreciation of the 
dift'erence between the complexity which precedes 
the evolution of even elementary movement in the 
higher animal, and the simplicity, on the other 
hand, which underlies very similar movements when 
performed by a lower organisation. This want of 
appreciation has led to the employment of the term 
psychic or psychical activity in speaking of the 
deeds (i.c., movements) of some of these latter. 
Thus the writer whom I have quoted obviously 
meant that, in his opinion, the causes of the objective 
phenomena obsei-ved were so similar in the two 
cases that we were to regard them both as iden- 
tical. The logical fallacy, however, in such a view 
ia obvious when we extend the point in the manner 
I have just indicated. But it is moreover, physio- 
logically speaking, incoirect, because it implies that 
whatever difference there may be in the structure, 
the function remains the same, a conclusion which 
only has to be stated for its absurdity to be at 
once appreciated. When we therefore approach 
the study of the nervous system in the lower 
creatures, and note, while we observe what they do, 
that their acts, even the simplest, are very Uke 
what we see perfonned by the higher animal, we 
must never allow our judgment to carry us away, 
but we must always say at once to ourselves : Wha* 
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B the events which have pi-eceded the performance 
f that act ? 
This preliminary consideration wUl, I believe, 
tenable us to avoid the danger of flying to the 
I treacherous expedient of what is called a simple ex- 
I planation, when we are still in ignorance as to some 
f of the most important factors of the actions under 
[ consideration. To pursue this subject yet a mo- 
ment more, I must bring to your notice the confusion 
of thought which has led to the employment of 
such tenns as consciousness, volition, and purposive 
I action, when speaking of the movements of even 
I the simplest organisms. A vast array of writers 
I have discussed the question as to whether we are to 
I regard the lower animals as possessing, as they say, 
[ consciousness, and from this have even proceeded 
I to fomiulate ideas as to whether they have a 
IbouI ; while, owing to the remarkable discoveries of 
I the physiologists, about forty years ago, as to the 
I functional activity exhibited by the spinal cord of 
I the frog when separated entirely from the brain, 
Ian animated debate was actually excited as to 
Iwhether the spinal cord possessed the attributes 
Bof the mind. Speculations of this kind, however, 
■ are only rendered possible by the unjustifiable 
lapplication of a metaphysical tenninology, which 
I was originally devised for the analysis of the 
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mental aspect of the most highly complex struc- 
tui-e — viz., the brain of man, to the consideiution 
of tlie simplest reactions of protozoa, small masses 
of protoplasm, and I do not proiwse therefore to 
waste time upon them at present, although at 
the close of this Session . I shall briefly i-evert 
to this subject, having only touched upon it at 
some length now, because this firet division of my 
lectures treats of the spinal cord and ganglia, 
round which the controversies I have described 
have 80 long raged. I would therefore ask you 
at once to dismiss fi-om youi- thoughts any pre- 
conceived ideas on the point, and to come to 
the study of the facts that I am now about to 
describe without any reference to, or recollections 
of, those which ai'e exhibited by ourselves or our 
mammalian congenei's. 

I shall begin by discussing the phenomena which 
are presented by the lowest masses of pi-otoplasm 
that zoologists consider to be entitled to rank as 
animals — viz., the protozoa. These protozoa present 
sufiiciently constiint appearances to enable us to 
recognise them wherever met with, and they conse- 
quently are very pi-operly divided into species ; but 
when we come to look at them from the point of view 
of their possibly exhibiting nei-ve phenomena, they 
are so obviously elementai-y that we are not justified 
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in considering their behaviom- until we have devoted 

at least some little time to seeing what simple 

L protoplasmic structures, which are not iii the least 

luspected of having anything in the shape of a 

■"nervous system, will do under similar cii'cumstances. 

I The mere contraction of protoplasm in response to 

Ian external stimulus, whether that be mechanical, 

■electrical, thermal, or optical, is exhibited by the 

I protoplasm of botanical as well as animal stnictures, 

I Thus, in the sensitive plant an external impression, 

l^such as a touch, is sufficient to produce movement 

I of a most strikingly responsive kind. And if we 

^examine the blood of the higher animals we find that 

some of the small coi-puscles of that fluid ai-e nothing 

but little masses of protoplasm closely resembling 

the lowest protozoa, and we further find that these 

little white corpuscles, or leucocytes as they are 

called, exhibit movements which in ordinary speech 

I would be said to lie purposive ; an expression, how- 

I ever, which would to my mind be very improperly 

L applied. I have just given you an example of what 

I plant pi-otoplasra will do by way of response to an 

I external stimulus, hut the little leucocytes or white 

I coi-puscles of the blood apparently behave in a far 

I more remarkable manner, an explanation of which, 

I nevertheless, seems to be perfectly possible fi'om 

[ purely physical considerations. Accepting the view 
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that all protoplasm is irritable — i.e., capable of alter- 
iii^ its form in movement, when any kind of physical 
or chemical change is wrought in it, the facts which 
are now so well established — viz., that if some injury 
or other sort of irritation be applied to the tissues, 
the leucocytes, instead of circulating freely within 
the blood-vessels, proceed to get out of them and 
to form, Dy their aggregation and subsequent 
liquefaction of the tissues, what we call matter 
or pus — become explicable by ordinary physical 
means. It has iurther been shown quite recently 
that if micro-organisms, which are themselves the 
sources of disease to the animal they invade, enter 
the system, the leucocytes go towards the micro- 
organism and apparently seek to destroy it. This 
has been fancifully i-egarded as a distinctly benevo- 
lent effort on the part of the leucocytes, but a more 
scientific investigation has shown, more especially 
by Dr. Massart, that the movements — ^.e., wanderings 
— of the leucocyte are determined by purely physical 
and chemical stimuli (chemotaxis), which I have not 
time to dwell upon now, and which have nothing 
in them of a purposive nature. 

Turning now to the protozoa, we find that they 
consist, too, of masses of protoplasm, and that they 
are capable of piishing out long, limb-like protrusions 
of their body to gain food, &c. The movements of 
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these creatures for this pui'pose of feed- 
ing have often been compared to the 
purposive movements of tlie higher 
animals ; thus, to give an example, 
Cienkowski has shown (see Fig. 4) 
that one species, Varapy^'dla {v), 
when wandering about algse which 
are composed of tubes of cellulose (c) 
with a core of chlorophyll and other 
nutritious substances {h), if it comes 
opposite the open end of such a tube, i 
down which its food may be lying at 
a considerable distance, it will never- 
theless send down the tube a fila- 
ment {p), having a length many times 
greater than the diameter of its own 
body, to reach the object of its seai'ch. 
This reaching out on the part of the 
animal to obtain that which it cannot 
come in contact with is looked upon 
by some as an evidence that the proto- 
plasm is possessed of a sense percep- 
tion, for the performance of which, 
however, no nei-vous system can be 
discovered in its tissues (Fig- 4)- 
To take another illustration : Eugel- 
mann has shown that some of the 
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vei"y lowest organisms, bactei"ia or microbes, ai-e 
specially affected by certaiu rays of the spectiiira ; 
that one example, (or instance, the BaciUns plioto- 
tnetricus, when fi-eely moving in a fluid through 
whidi the rays of the spectinim are sent, will collect 
itself only on the i-ed side of the sodium line, and 
also in the ultra-i-ed district. Finally, the plas- 
luodiuni, or pi"otozoon-Hke embryo of some fangi, 
\WI1 make advances cleai'ly in the du-ection of 
nutritious substances, which are nevertheless at a 
considerable distance fix)m it. All these phenomena, 
it will be at once seen, ai-e instances of so-called 
selective action ; but this is another example of an 
abuse of metaphysical terminology, because if we 
analyse them even to a slight degree, we ai'e 
obliged to luhnit that they resolve themselves into 
those rather of adaptation and advantage — i.e.. 
efficiency of the lil'e processes, chemical and physical, 
of the pix)toplasm itself, and that there is conse- 
quently no i-eason why they should not all receive 
interpretation in the direction of the at present 
ascertained laws of chemical affinity and physical 
influences, rather than by anv more imaginative 
explanation. 

So much for the example aftbrded by these animals 
of the fii'st gi-eat function of the nervous system — 
viz., response to external stimulation ; or, as it is 
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termed in the higher species reflex action. In 
character, the actions that we have just been 
considering, and which are evoked in response to 
obviously external influences, have a slow and a 
continuous development ; but there is to be ob- 
served in the bodies of some protozoa a movement 
which ia of a totally difierent kind, which Is a dis- 
tinct property of the protoplasm itself, and which, 
nevertheless, is regarded as being, in the higher 
animals, a clear evidence of the presence of a 
nervous system. In the substance of the protoplasm 
is to be seen a little space or vacuole. If, further, 
the animal be watched, it is seen that this little space 
quickly disappears, and then gradually develops 
again, to again disappear, and subsequently re-fonn. 
This alternation of appearing and disappearing is 
an example of rhythmical contraction of protoplasm. 
Such a rhythm must have a special causation, and 
according to most authorities it must have also a 
special apparatus for its fulfilment ; and we shall 
discover directly, when we come to the higher classe^s 
of animals, that the ganglia are the instruments 
supposed to be specially aiTanged for this very 
purpose. In the body of a protozoon, however, no 
nervous system has ever yet been detected ; but 
the fact that our present microscopes and means of 
research generally have not demonstrated its anato- 
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mical existence, is but negative evidence, and as 
such, most dangerous to be relied upon. As regards 
the causation of the phenomenon, it is true that in 
some instances foreign bodies have been seen in these 
contracting vacuoles, and noticed to have been ex- 
pelled through a little orifice In the wall of the animal, 
as if the vacuole exercised a distinct function of 
getting rid of useless particles. If this be so, it is 
obvious that such particles might of themselves fur- 
nish the necessary irritation for the production of a 
contraction of the protoplasm, and hence that 
this would merely fall into line with ordinary 
response to external stimulation. But this explana- 
tion is obviously only applicable in a few instances. 
Summarising, therefore, the phenomena which are 
exhibited by these animals, and commonly regarded 
as significant of nerve action, we see that they are 
divisible under the two headings of— - 

1. Response to external stimulation. 

2. The existence in the protoplasm of " sponta- 
neous " rhythmical contractions. 

We now pass to the coslenterata, which are 
the next in order of evolution to the protozoa, in 
which we shall find that the two points we 
have just mentioned are not only much more 
highly marked, but that their existence is accompa- 
nied by the anatomical co-existence of a nervous 
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Bystera. This last fact obtains double interest i 



'hen 



we know that less than twenty years ago they 
were not supposed to possess one at all. This 
consideration, therefore, supported as it is by 
numerous other examples in the history of the 
progress of science, more than justifies the caution 
. just expressed concerning the supposed non-esist- 
l ence of the nervous system in the protozoa. 

We shall now spend some little time in the 
I examination of what we may call the nervous 
I phenomena exhibited by these coelenterates or 
I polyps, since we are fortunately in possession of 
La rich harvest of facts, obtained during the last fif- 
teen years, most especially by the labours of my 
predecessor in this chair, namely, Mr. Romanes, as 
I also by Professor Eimer, from the pliysiological 
I standpoint, and by the brothers Hertwig and Pro- 
r fessor Schafer on the anatomical side. The ccelen- 
terates are practically all tube- or bell-shaped 
[ animals, the cavity of the tube or bell serving im- 
partially as a circulatory and digestive system. The 
tube forms are commonly spoken of as hydrozoa, and 
the bell-shaped forms as medusse. Of the first sort 
the animal which has been most investigated is the 
hydra, which grows in our ponds and springs ; while 
of course the medusse or jelly-fish are such common 
objects in the sea as to be familiar to all. These 
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two forms of polyps happen to illustrate two diB- 
tinct aspects of an elementary nervous system so 
cleai'ly, that I shall first speak of the hydra to 
emphasise my next point, and I shall then go on 
to describe the medusae, their behavioiir and their 
nervous systems. 

The hydra simply consists of a tube, around the 
mouth of which are disposed numerous tentacles. 
When the body of the animal is suitably prepared 




for the microscope, it is found to consist of three 
layers, all shown very beautifully in Fig. 5, which 
is a copy of Kleinenberg's plate illustrating his great 
work on the subject. The three layers, counting 
them from the exterior internally, are, first the 
ectoderm or outer layer (ect), which corresponds to 
our skin ; next, the muscular layer (mu), which 
truly corresponds to oxu" muscles ; and, lastly, the 
entoderm (ent), which corresponds to our mucous 
membrane lining the alimentary canal. Now this 
animal, when the exterior of the body is touched, 
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reacts at once by moving. That is tbe first great 
principle that we have ah-eady seen illustrated in 
the protozoa. But Klelnenberg, by his anatomical 
Ltions, found a most interesting airange- 
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Fig. 6. (KhinenUrg.) 




ment of the simple cells (see 
the body of the animal, 
and which seem to pro- 
vide us at once with the 
most diagrammatic sub- 
structure of the nervous 
system that could well 
be imagined ; for he 
found, as is shown in 

the figure, that certain of the cells of the ecto- 
derm (c) had processes (m) which ran into the 
muscular layer, while their outer portions — i.e., 
those exposed on the surface — had distinctly a 
fibrillar appearance. He therefore spoke of these 
cells as neuro-muscular elements, and believed that 
here we had the same piece of protoplasm so modi- 
fied that whilst its external part was calculated 
to receive and appreciate stimuli, these latter could 
pass down through its substance and gain the 
deeper processes, which upon the arrival of the 
stimuli would forthwith contract. So that, arguing 
by analogy from the anatomy and physiology of the 
higher animals, it was clear that, if this actually 
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was the function of these cells, we should have a 
truly fundamental representation of the nervous 
system for the provision of a muscular response to 
an external stimulus. Unfortunately, although 
this extremely simple view of Kleinenberg's* must 
be regarded as essentially correct in principle, as a 
matter of fact there is reason to believe that in 
the hydra there is not only distinct muscular 
tissue, but that there are also cells of the ectoderm 
which have more especially to do with the reception 
of impressions, and other cells which mechanically 
support the former. 

In hydra, therefore, the matter is a little more 
complicated than was at first imagined, and we 
have special cells in the ectoderm which can be 
called nerve cells, and undoubtedly special cells in 
the muscular layer for the desired contraction of the 
body. In any case, however, as far as the physiolo- 
gical standpoint is concerned, we see here the begin- 
ning of a system which runs right up through the 
animal scale to man — viz., the provision of a sense 
organ, i.e., nerve cell, in its elemeutaiy state in the 
periphery or external part of the body, which re- 
ceives external impressions and communicates them 



* Consult OD tUn point Kleineuberg'a paper, " Die Saatebung des Anne- 
lida, kc," in the Zeitschrift flir WUsenachaftUche Zoologie, Band 44, 1886, 
Bapecially cliap. v. p. 173. 
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to the interior, with the result that a movement 
follows. We shall subsequently learn that in man 
the message is conveyed to the spinal cord, to the 
nerve cells there, from which it goes to the muscles. 
In hydra there is very little evidence that a nerve 
cell is centrally placed between the sensory cell in 
the skin and the muscle in the interior, though 
even in them this relation and interpolation of a 
cell is believed by some to exist. 

We may now with advantage proceed to the 
medusiE, which must he regarded as higher in the 
scale than the hydra we have just been considering, 
and in which the interpolation of nerve cells indu- 
bitably occurs, thus introducing us for the first 
time to the structure and functions of gangha. 

A medusa consists of a bell of protoplasm (&, Fig. 7), 
which is beautifully shaped and divided into lobes (l), 
the margins of which form a continuous line round 
the lower border of the beU, and In the clefts between 
which are to be found certain little highly specialised 
portions of the ectoderm, which are undoubtedly 
sense organs (c). Between these, numerous tenta- 
cles (() usually fringe the border, or there may be 
only a few, as we see in the following drawing 
taken from Haeckel's great work on these animals. 
Hanging from the centre of the concave or under side 
of the bell you see a tube-like process (m), which has 
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been variously termed the manubrium or polyplte, 
and the interior of this terminates, below the summit 
of the bell, in a cavity from which canals radiate 
down the intervals between the lobes, and end 
at the margin of the bell in a circular canal 
which unites all the radiating branches together. 

Fig. 7. {Saec^d.) 




The tentacles and poi'tions of the body generally 
are supplied with numerous little modifications of the 
ectoderm, which consist of sharp, long filaments, 
capable of being ejected from special little sacs, 
and used as weapons of ofience and defence. It will 
be noticed that In this hasty sketch of the structure 
of a medusa we have for the first time had occasion 
to mention the existence of special sense organs. I 
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shall allude to the anatomy of these directly in 
further detail, when I come to point out the 
remarkable influence which they exert upon the 
nervous phenomena of these creatures. But I 
I must also reserve that description until I give 
I in detail the discovery of their nervous system 
as a whole. Meanwhile, I wish to lay before 
you, in exactly the same way as I have done 
with the protozoa, the physiological functions the 
medusjB possess, and we will later bring those facts 
into correlation with the sti-ucture that seems truly 
to be their source. 

If a medusa is swimming freely in the sea, it is 
I noticed that it moves along through the water by 
' virtue of rhythmical contractions of its protoplasm — 
a property which we already obsei-ved to be present 
in the protozoa. By reason of the bell contracting 
and driving out the water contained in its interior 
the whole animal is impelled forwards, and the con- 
traction being over, the bell intermittently expands 
again, water rushes in, and is again expelled. If 
the animal is Irritated it discharges its little sting- 
ing filaments, the powers of which are of course 
familiar to every one who has provoked them. 
L Looking at the animal therefore as a whole, it is 
I evident that the predominant feature of the pheno- 
I mena we have alreadv considered Is that of 
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rhythmical or intermittent movement. It also 
moves in response to an external stimulus, and this 
reaction and the discharge of its stinging threads 
are of exactly the same nature. But we must go 
fui-ther than this, because the distinctly radial 
arrangement of the animal, its division into 
lobes, &c., introduces us, as you may perhaps have 
ah-eady guessed, to the great principle of localisa- 
tion of function. The simple proof of this is 
afforded by the following observation which 
Mr. Romanes, I believe, was the firat to make — 
namely, that, if any given point of a medusa be 
touched, the lobes of the polypite which are nearest 
to the place irritated bend up towaids it, and 
attempt to touch the selected spot. This experi- 
ment indicates that definite channels are arranged 
in the medusa for the conduction of impressions to 
and from certain points in its body, but this is of 
course nothing more nor less than the localisation 
of nerve function. 

We will now examine the other predominant 
feature — viz., the Rhythm — because it was this 
striking phenomenon which led Mr. Romanes to 
the study of these interesting creatures, and enabled 
him to formulate several weighty conclusions on 
what are really the fundamental principles which 
underlie the action of all nerve systems. We 
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cannot therefore but profit very greatly by an 
attentive examination of his resxilts, since if we 
I thoroughly understand the modus operandi of the 
[ nervous system in the medusa, we shall only require 
I a multiplication of similar units of knowledge to 
I teach us the more complex details of rhythmical 
liunction in the higher animal. The rhythm of the 
I Contraction of the beU may be analysed, from several 
||K)ints of view, as follows : 

Its source or initiation. 

Its artificial production. 

3. Its maintenance. 

. Source or Initiation. — The earliest experiments, 

I both of Mr. Romanes and those made independently 

■by Dr. Elmer, showed that the most excitable region 

pof the bell was its margin, and that the natural 

wave of contraction appeared to pass up it from 

whence. But the actual proof of this region being 

■the prime source of the rhythm was not forth- 

* Coming until the experiment of i-emoving the 

margin was performed. This operation produces a 

cessation of the rhythm, and the motionless bell 

may be then said to be paralysed. The removal of 

the marginal bodies, customarily referred to as 

sense organs (see Fig. 8) produces a similar effect, 

and the inference that the region of these bodies 

is the important centre of origin of impulses, is 
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rendered still more obvious by the observation of 
Eimer, that if a marginal body and surrounding 
part of the umbrella or bell be excised and placed 
in suitable innocuous fluid, the part will rhythmically 
contract for ten days or more. 

2. Artificial Production. — The further analysis of 
the rhythm was wanting, until Mr. Romanes pro- 
ceeded to investigate the possibility of reproducing 
it in the paralysed bell of the medusa. This he 
found to be actually possible by exciting the motion- 
less tissue with either a £iradaic electric current or 
a chemical irritant like glycerine. The result was 
to evoke a remarkably regular rhythmical contraction 
and relaxation of the tissue. Such a re-awakening 
of the lost rhythm is a very remarkable fact, 
but its fiiU discussion we must postpone for the 
moment. However, there is an all-important corol- 
lary to this experiment — namely, the question of 
fatigue. How far this element is present in relation 
to such a condition, and, if present, how far it goes 
to reveal the origin and nature of the (artificial) 
rhythm, must now be considered. Mr, Romanes 
foimd that if he caused the rhythmical movements 
to inscribe themselves by their raising a light lever 
which could write on a blackened moving surface, the 
result was a wavy line, as shown in Fig. 8 ; if then 
the piece of tissue were electrically excited for 
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Ml hour, the trace became altered, and there ensued 
not only a change in the rhythm — i.e., period of inter- 
mission — but also a change in the duration of each 
of the contractions (see Fig. 9). In five hours the 
tissue was quite exhausted. 

Fig. 8. {Romnnfi.) 

The lower lioe in this and Ihe next fignre indicates seconds of time. 

Vu:. 9. 

This renmikable alteration of the nomial move- 
ment is characteristic, we shall subsequently see 
of the failure by fatigue of nerve centres, but we 
must not anticipate the general conclusions we are 
able to draw from these interesting results. 

Mr. Romanes further found that warmth improved 
the rate at which the tissue reacted, but that hea' 
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did not operate as a stimulus for origination of the 
rhythm. 

This brings us now tx) the most important con- 
sideration as to how the rhythm is maintained, 
and whether that maintenance is co-indicated by 
any other phenomena. 
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LECTURE III. 



It is impossible for us, with our present means of 
researcli, to determine exactly what maintains a 
rhythmical movement such as that exhibited by the 
medusEe, and we are consequently obliged to attempt 
the solution of the difficulty by indirect observation 
and reasoning. I have already mentioned one fact^ 
namely, the influence of fatigue — and must now point 
out to you that contractile substance or muscle is 
far less easily exhausted than nerve centres. But we 
have a much more ready way of observing whether 
it is likely that the little marginal bodies which are 
undoubtedly the origin of the rhythm are also the 
soiurce of its maintenance. This fresh method was 
also discovered by Mr, Romanes, and consists in 
an experiment of the following kind. The kind of 
medusa which is called Sarsia is a small bell from the 
centre of which normally hangs a short polypite. 
If now the marginal bodies and margin of the beU be 
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removed, it is then found that the polypite gradually 
relaxes and elongates itself to many times its 
previous extent. Using physiological language, the 
polypite was, before the operation, in the state called 
tonus — that is, moderate contraction, a character 
which it loses after the marginal bodies have been re- 
moved. The assumption is inevitable and correct 
that the marginal bodies are in the habit of main- 
taining this state of tonus. I think, therefore, 
we are perfectly justified in believing that they 
are similarly responsible for the maintenance of 
the rhythm. You will perhaps allow me to an- 
ticipate what follows in succeeding lectures by 
mentioning that the maintenance of this state of 
tonus in muscles is a characteristic property of 
the spinal cord nerve cells in the highest animals. 
To sum up, therefore, it is established that the 
duty of starting and maintaining the contractions 
of the bell in medusEe is relegated to the marginal 
bodies and tissue in their immediate neighbour- 
hood. 

The last property or function that I wish to refer to, 
or indeed which we know to exist in these animals, 
is that of localisation. They, as I have already 
stated, exhibit localisation of function in its simplest 
development. If a point on the bell be touched, the 
nearest lobes in the polypite bend up and fairly 
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I acGui'ately come into contact with the spot stimu- 
I lated. This correct indication of the seat of 

irritation is of course a most fundamental factor 

in localisation. 

To summarise, finally, the physiological properties 
I of the medusae which are referable to a nervous 

system, I would enumerate them as follows : 

1. Response, by movement and discharge of sting- 
ing cells, to external stimulation. 

2. Rhythmical movements of bell. 

3. Maintenance of rhythm and of tonus. 

4. Localisation of points stimulated, and co- 
oi'dinated movement adapted to the same. 

Now having seen what these animals are capable 

of performing by way of (presumably) nerve function, 

let us proceed to examine the anatomical arrangement 

I of their elementai-y nervous system. As an example 

1 I shall take an instance of one of the medusEe in which 

I the small sensory marginal bodies are exposed, that 

[ is, not covered by the edge of the bell. In the first 

I place, there is, running round the whole margin of 

[■ the bell, a ring of nerve fibres mingled with cells. 

I I have not yet described to you the structure of 

• nerve fibres or of nerve cells, that I shall do 

I directly ; but you will understand that the fibres are 

exceedingly fine protoplasmic threads and the cells 

' small nucleated protoplasmic masses. This is shown 
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in Fi<r. lo, representing part of the bell of a medusa 
flattened out, in which the general aiTangement 
of this ring of fibi'es(»i) and its relations are well 
mai-ked (see also Fig. iia). In the first place, it 




I'ecelves and gives fibren to each marginal body ; 
furthemiox-e, it gives also numerous branches which 
radiate upwards along the water canals that divide 
the animal into lobes. We will now turn to these 
structures more in detail. If we examine the 
fibres to begin with (see Fig. loa,/'), we see that 
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they ai-e well-defined threads of 
pi-otoplasm which present here 
I aud there little varicosities or 
swellings, and which nowhere 
possess any insulating covering 
of the kind such as one finds 
in the higher animals. They 
obviously start from and go to- 
wards the ganglion cells (c in 
Fig. loa, g in Figs. 1 1 and i la), 
I and connect these latter with 
delicate cells in the ectoderm 
(c in Fig. 1 1 ), just in the same 
I way as we have seen similar 
[ ectodermic cells of presumably 
nerve charactei- to exist in the 
hydi'a. Now the ganglion cells, 
which are of the greatest interest 
I because it is their function to 
i store up and to give out nerve 





$1 rilE STRUCTUKE AND FUNCTTOXS leit. iir. 

energj-. iire similarly roxindetl masses of protoplasm 
(see Fi<js, loa and t la), each with a large nucleus, 
and from their body run branches — usually two, 
rarpl\- nmre— which continue into the surroiuidino- 




parts as nerve fibres.()i) These nerve fibres, that 
issue from the ganglion or nerve cells and pass 

to the muscle fibres, terminate in these latter in a 
peculiar manner, which we shall subsequently find 
to be repeated thi'oughout the animal kingdom, 
and which simply consists in an enlargement of the 
protoplasmic thread into a little swelling, which may 
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also possess two or three small nuclei, and which is 
directly applied to the muscle fibre. I would ask 
'our particular attention to this mode of nerve- 
iding ol" a fibre, inasmuch as it is believed by some 
to be just as capable of providing for rhythmical 
contraction in a muscle, as a ganglion or nei-ve cell, 
which is usually credited with that function. Now 
:We come to the sense organs, which I have so often 
refeiTed to as the marginal bodies (Fig. 7, c). 
These sense organs are remarkably simple in struc- 
ture, and are adapted for the perception of light, of 
touch, and although we cannot in perfect truth add 
of sound, yet nevertheless they are capable of appre- 
ciating delicate vibrations. They consist of little 
finger-like processes of the umbrella tissue, into the 
centre of which is pi-otruded a branch of the water 
canal or tube system. They are covered with ecto- 
demiic epithelium, which at the uppeimost surface of 
the little protrusion is modified — i.e., thickened and 
often pigmented. At the end of the organ the 
ectodermlc cells are still more modified so as to tbrm 
a little sac, as you see in this diagi'am (Fig, 1 2, A, ep), 
le cells of which ai'e for the most part provided 
ith cilia, and in the internal cavity of which are 
crystals (Fig. 12, A, o), which, by their movement 
against the delicate hair-like processes of the epi- 
thelial cells, evoke the perception of vibrations such 
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as the animal may ex})erience when swimming in 
the water. The water-canal tube is of course lined 

Vu.. iz. (Eimcr.) 




by the entoderm, and between the entodeini and the 
ectoderm we have numei-ons nerve fibres (li) running 
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t down 670m the nerve ring I have just spoken of 
■ above, to terminate in the ectodermic cells (ep). 
I The rest of the general surface of the animal is 
I sensitive to tactile impressions, and as the ectoderm 
contains numerous cells (see ¥ig. 1 1 ), from which fine 
I piocesses can be traced into the nerve ring (n. Fig. 1 1 ) 
and plexuses (mde infra), these specialised ectodennlc 
cells have been justly called nei've epithelium and re- 
garded as sensory nerve-endings. Finally, the whole 
L of the muscular tissue in tiie under pai't of the bell 
H overlaid by a very delicate and I'ichly interlacing 
supply of nerve fibres, among which may be found 
I also ganglion or nerve cells. Knowing now all 
I these elements to exist, we may reasonably sup- 
I pose that the schema of the nervous system in the 
\ medusfe is that of elements arranged in the follow- 
r line: 



Ectodeimal | 



'- &' 



I 



(motor). 



All that remains now is to connect the facts, so 
I fer as we know them, of function with the observa- 
ctiouB we have just detailed of structui-e. That the 
paedusa in the first place reacts to an external 
timulus by movement, aud that nerve excitation 
nderlies th at reaction is obvious enough , as 
follows. An excitatorv state is Induced in the 
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ectodermal or sensory nerve cell. That excitatory 
state is conveyed along a nerve fibre to a ganglion cell, 
the ganglion cell is similarly thrown into a state of 
excitation and communicates its condition, ot, to use 
other language, discharges its energy down a nerve 
fibre to the nerve-ending of a fibre, and that nerve- 
ending causes the muscle fibre to contract. Thus 
far all is easy, but now we come to the question of 
rhythm — viz., the intermittent expansion and con- 
traction of the bell. The question before ns to 
decide is whether the ganglion cells pei'form the 
necessary alternate storing up and liberation of 
energy, oi' whether it is not the ganglion cell that 
does this, but possibly rather the nerve-ending, or 
even the muscular contractile tissue itself. A former 
lecturer at this institution, Sii' James Paget, formu- 
lated forty-four yeai-s ago his belief that rhythmic 
motion is " an issue of rhythmic nutrition, that is to 
say, in which the acting parts are at certain periods 
raised with time-regulated progress to a state of in- 
stability of composition from which they then decliiie, 
and in their decline may change theii' shape — i.e., move 
—or as nerve centres may discharge nerve force." 
There is no question but that this view is correct as 
far as the necessity of the state of nutrition oi' the 
apparatus alternating with the exercise of function 
goes, but there is great question as to which of the 
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elements it is in the whole apparatus that is the seat 
of this instability. This problem, as I said just now, 
has always excited the attention of physiologists, 
and numberless attempts have been made to anive 
,t a correct answer ; but you will underetand im- 
[fflaediately how it is that I am unable to tell vou 
what that answer should be, when you remember 
that science has not j'et discovered any means 
whatever of measuring the amount of nei've force 
produced in a nerve fibre at any given time ; we can 
measure its rate ; of course we know, for example, 
that excitatory processes in nerv&s flash along them 
at about thirty-three metres a second ; but we do not 
know at all how to reveal by physical methods the 
nerve discharge itself. Moreover, it is only within 
the last forty yeare that we have had any indication 
to the fi-equency with which nei-ve impulses pass 
along nerve fibres — ^I mean by direct examination of 
those fibres themselves. It will be obvious to you 
that if what we want to know is how many times a 
ganglion cell of simple nerve centres, Hke those of 
the mednsie, discharges energy down nerve fibres to 
cause muscles to contract, it is no good our simply 
trusting, as has been done for many years, to watch- 
ing and counting the duration and number of con- 
ti'actions or movements which a muscle makes, laut 
we must rather find out some means of examining 
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the nerve fibre itself, as only in that way shall we 
discovei" whethei- the I'hythmieal contractions of the 
muscle are due to the ganglion cell or to the nei-ve- 
eiiding, or to the imiscle fibre. Now the way in 
which the existence of the nerve impulse in a nerve 
fibi-e can be exhibited is that discovered by du Bois 
Keyniond- — namely, the detection of a change in the 
electrical state of the nerve fibi'e. This change always 
occui's when a nerve fibre is excited ; if therefoie 
we could get at the nerve fibres coming from the 
marginal bodies of the medusa, and if we could 
without error connect those fibres to a sensitive 
galvanometei' capable of revealing such slight 
electrical changes as those mentioned, we should at 
least discover wliether the marginal botlies gave out 
nerve discharges at regidai' intervals to cause the 
muscles to contract in the rhythmical mannei' 
ah-eady described. Unfortunately, at the present 
monient this cannot be done without considerable 
chance of error, but it is a subject well worthy of 
further investigation. In the absence of such direct 
evidence we must content oui'selves with reviewing 
allied facts which can be obtained from the physio- 
logical researches which have been directed towards 
the elucidation of this question. I have already 
mentioned one most important cii'cumstance — namely, 
that the artificial rhvthm is soon exhausted, relatively 
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speaking, and will therefore only repeat that this 
points sti'ongly to the assumption that the nerve 
cells, which are the more delicate and more easily 
tired elements of the appai'atus under consideration, 
ai'e the special insti'uments necessary for the produc- 
tion of a rhythm. But there are other facts to 
"\\hich I shall have occasion to refer in greater detail 
before the present series of lectures is terminated. I 
allude to the well-known obsen'ations of Stirling and 
others, which go to show that the nerve or ganglionic 
cells in the spinal cord of a fiX)g (antl the same mav 
he added foi' mammals) are capable of storing up and 
accumulating excitatory changes which may not be 
■ enough to cause a discharge of the whole apparatus, 
I but which nevertheless, by summing themselves up 
Itogether in the nerve cell, ultimately get headway 
I enough to lead the nerve centre to liberate its energy, 
[ and if (as was the case in Mr. Homanei=i' experi- 
[ ments) the stunuli employed are submaximal and 
I constantly applied, it is cleai- that we may have 
I .been dealing with a provision of the same natnie, and 
I consequently have recorded a similar result. 

Quite recently, however, it has been suggested, 
I on the strength of carefuUv perfonne<l experiments, 
I that the rhythmical variations which can be de- 
Itected in the contractions of the muscles in the 
f higher animals, when thrown into action by their 



6o THE STRUCTURE AN1> FUNUTIONS lelt. m. 

nei've centres, are due to a storing up by the nerve- 
ending. These experiments, which have been per- 
formed by Professor Wedenski, of St. Petersburg, 
need a most careful levision and rejietition ; but the 
fact of their having been made must cause us to 
liesitate in our interpretation of the phenomena seen 
in the medusa, especially since this animal possesses 
nerve fibres and endings just like the higher kinds, 
Numei-ous observations have been made on conti-ac- 
tile tissues in paits of other animals, which are 
I'egai-ded as being without nei-ves ; but all evidence 
of this kind rests on the fact that no nerves have 
as yet been discovei-ed — m other words, negative 
evidence. I do not think, therefoi-e, it is of any use 
to discuss them fnrthei' in this i-elation. That 
nerve centres^ — i.e.. collections of nerve cells — do 
rhythmically dischai'ge, has recently been proved by 
Professor Gtotch and myself, by examining the condi- 
tion of the spinal coixl when the centres of the 
cortex of the braui were excited, and observing 
the electrical changes that occurred in the fibres 
leading from these centres. Lastly, the main- 
tenance of tonus^;.t',, moderate continued contrac- 
tion of the muscles to presei've the shape and pro- 
portions of a body — is known in the higher animals 
to be unquestionably due to the action of nerve 
cells in the spinal centres ; for if in one of the 
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higher animals the nerve fibres, running from the 
centi'es in the spinal cord to the muscle, be divided, 
we find that the muscle, instead of presenting 
a firm eontom" due to moderate tonic contraction, 
is relaxed and soft in the paralytic state thus 
evoked. In conclusion, therefore, it seems to me 
that while for the present we must keep our minds 
open on this very interesting and imjjortant subject, 
the weight of evidence does seem to show that the 
I'liythmical movements of these relatively lowly 
organised animals are due to their possessing a 
nervous system. I wish very much that it were in 
my power to have spoken more positively on this 
point. Inasmuch as we are now, on the threshold of 
our subject, provided with simple and easily com- 
prehended facts, and we might justlv have hoped 
that science would have provided us with an easily 
mastered alphabet of nerve fimctiou. But such is 
not the case. We must therefore pass up in the 
scale to the next order of animals, which shall 
'Bal to us some fresh factor of neiwe function, 
tnd those which most conveniently follow the 
ccelenterates are the echino-dermata — that is to say, 
the star-fish and sea-urchins. Though not far re- 
moved from those beneath them, these animals 
nevertheless are higher, and, what is much more 
important to us, they have also been physiologically 



(,2 THE STEUCTUBE AND FUNCTIONS i.ect. hi. 

investigate*! by Pi'ofessore Romanes and Ewai-t. As 
just suggested, they indicate to us, for the first tiiue 
distinctly, what we conmionly call co-oi'dination, 
when speaking of the action of nei-ve centi'es in the 
higher animals. This expression, co-ordination, is 
frequently improperly employed ; but it is a very use- 
ful one, if its meaning be cai-eftilly limited to expi-ess 
tiie successful co-operation of nerve centr'es when 
simultaneously excited In greater or less degi-ee. 
Now of com'se this phenomenon is undeniably pre- 
sent in the medusee, since without it the localisation 
of function which they reveal would be pi'acticaJIy 
impossible, and it is presumably provided for by tlie 
ring of nerve fibres which coimect the mai-ginal 
lx>dies one with another. But, in the medusa?, the 
intimate relations of different parts of a body are 
so developed, that division of these ring-sha|)ed 
connections does not obviously disturb the general 
functions. It is, however, othenvise with the echiiio- 
dermata. In a medusa the bell, although divided 
into lobes, habitually moves en bloc, and consequeutlv 
we do not have that differentiation of nerve function 
which demands differentiation of structure. But 
ill the case of the echino-derniata, we have as a rule 
to deal with animals built on a I'adial plan in more 
or less rigid shells (Fig. 13, A, r), but whose whole 
body and radial structure, may in special cases be so 
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Fig, 13. {Soiiiaoes and Ekiii-I.) 




A. Vertical section of nail of an echinus. 

a = Water canal. 

/, r, i' = Point to the nerve plexus on the 

ODter anrface of the shell, on 

a spine, and on a pediclllaria, 

respectively. 



gc = Nene corpuscle. 
/ = Nerve fibre. 
B is mQch more highly magnilled than A. 
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divided and the shell flexible, as to g^ve their 
individual parts a special independence, in addi- 
tion to the capability of harmoniouH co-operation 
for tlie good of the organism a« a whole. Briefly 
outlined, therefore, these animals may be described 
as possessing a radial stnicture, for the most 
part strengthened by a shell covering, in the 
radii of which are developed nerve channels and 
watei' vascular channels, these latter terminating in 
numeious distensible and pratmsible feet and sucker- 
like branches (Fig. i 3, A, p, I', I"). In the centre of 
the body and on its surface occure the elementary 
nervous system, which is more developed than in any 
animal we have yet studied in the present course. 
As you see in Fig. 13, the nervous system in its 
essential details, is airanged, like that of a medusa, 
into a system of plexuses and cells (see Fig. 13, 
B, gc), aggregated under the ectodennal epithelium, 
and also joined by branches to a nerve ring (Fig. 13. 
A, b) which runs i-ound the central axis of the body. 
Considering that this ring is connected with 
branches coming from all parts of the body, con- 
sidering also that it is united to a system of 
plexuses on the inside of the animal and on the 
outer side (I), it clearly takes the place of an 
apparatus for the complete co-ordination of the 
various nervous phenomena exhibited by it. These 
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nervous phenomena we must now for a moment 
discuss, remembering that the echino-dermata, 
like tlie medusEe, possess perceptive organs and 
ectodeniial epithelium cells, which ai-e capable of 
receiving impressions, and also of appreciating 
sensations of tension, strain, &.c. Owing to the 
jjhysical necessities or an-angemeut of the parts 
of the body, the objective phenomenon of movement 
in tliese creatures is of a very specially slow, 
deliberate, weak, and imperfect execution ; but, such 
as it is, it is quite marked, and enables us to appre- 
ciate the difference between this kind of animal 
and one like a medusa. The accompanying photo- 
graphs (Figs. 14 and 15), from Messrs. Romanes and 
Ewart's paper, exhibit the actions of a sea-urchin 
in the normal state, trying to right itself when it 
has been laid on its back. You observe that it puts 
forth its sucker-like feet at one end, labonously 
tilts up its shell until this latter rests imperfectly 
on its edge (Fig. 15, A), and then proceeds by the 
same means to lower itself down again (Fig. 15, B). 
Now this apparently simple action, we shall see, 
is lost when the factor of co-ordination Is destroyed. 
But let me first say that Messrs. Romanes and 
Ewart found that the echino-dermata exhibit natu- 
rally, as you would expect, a simple response by way 
of movement in answer to an external stimulus. 
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They noted, m passing, that the animal always 1 
moved in a line directly away from the source , 

FlO. 14. {liomaiia and Eaart.) 
il\\M ViA/ {1 11/ M jL'i/ 




of excitation. Further, that a touch on the sur- 
face of the body was coiTectly localised. To 
turn now to the actual experiments. The above- 
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Fig. 15. (Uonmnea and Eu-art.) 




68 THE STRUCTURE AND FUNCTIONS lect. m. 

mentioned authora found that if the ring which 
unites the various divisions and branches of 
the nervous system were divided, thenceforth the 
animal had no power to right itself, or only a very 
incomplete power to do so, the fact being that the 
plexus of nerve fibies on the outer surface of the 
body was sometimes capable of subserving the 
duties of co-ordination. That is to say, the move- 
ments of the feet, and the movements of the sjiines, 
which are a kind of helpers or crutches to the ieet, 
are to some extent co-ordinated by the plexus of the 
inner surface of the shell. This inner plexus again 
is to a gi'eat extent dependent for its efficiency on the 
activity of the central ring, though it is also capable 
of considerable power of co-ordination. We have 
therefore in the ring of nerve fibres the first con- 
struction of a centre for co-ordinating nerve impulses 
and producing co-operation. In animals a little 
higher in the scale, indeed those which we are 
about to study next, this factor of nerve function — 
namely, co-operation — is not only the most intei-est- 
ing, but is also very highly developed, and we shall 
find that it is in them, not, as in the echino-dermata, a 
simple matter of a ring which connects together, 
somewhat vaguely perhaps, radiating trunks of nerve 
fibres, but that it consists in the development of what 
are called commissui'es — that is to say, direct channels 
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uniting two nerve centres in one direction for 
example, and then others for connecting them with 
neighbouring nerve centres on either side. When 
we examine the whole mechanism in the echino- 
dermata anatomically, we find that on magnifying 
the tissues highly, the nervous system, as in the 
medusa, is made up of sensory cells and organs, 
fihres, ganglion cells, &c., and this nervous ring, 
wliich is so important to this animal, and is chiefly 
composed of ganglion cells and fibres, just like the 
nerve ring running round the margin of a bell 
in tiie medusa. To study now this new accession 
tr. our knowledge of nerve function — namely, the 
co-oi-dinative action of the nerve centres one with 
another— we must leave the echino-dermata and 
proceed to the consideiution of the arthropoda, 
which include, of course, the jointed animals such as 
the lobsters, and their congeners, the innumerable 
insect forms. These animals, by virtue no doubt of 
an Impx-ovement in the organisation of their nervous 
systems, as well as the more practical development of 
their motile parts, exhibit, as representative of the 
objective phenomenon of movement, characteristics 
far different from those we have so far been study- 
ing. This specimen, for example, of daphnia that 
you see darting liither and thither in the water, 
Jlustrates very markedly this striking difference. 
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You will notice that this transpai-ent little creature 
reveals the general stincture of this class. You see 
that the body is surrounded by a hard shell, that 
there are well-developed sense organs, those for touch 
fonning beautiful antennse, while sight is provided 
for by a compound eye, the visual impressions being 
transmitted to a nerve centre which is situated just 
above the throat. Now let me say at once that 
from henceforth we shall speak of nerve centres in 
these animals as ganglia. We were not able to do 
so while speaking of the nerve cells which are dis- 
tributed so freely and generally along the nerve 
rings in the medusae and the echino-dermata. But 
in the arthropoda the nerve cells are not scattered 
in a haphazard way, but are collected together in 
different masses, wrapped up and bound together by 
connective tissue, while the nerve fibres which enter 
and leave them are gathered into very distinct cords 
or bundles, as you will see directly. Consequently 
it is convenient to have some generic term to express 
these collections of nerve cells. They are therefore 
spoken of as ganglia. Further notice that in this 
daphnia we have, for the first time, a blood 
cii'culation to nourish all the complex parts of the 
body. You see pulsating behind this tube, which is 
the digestive canal, a very definite heart. The other 
ganglia and nerve fibres which are in connection 
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Fig. 16. {Huxley.) 



with the ganglion in the head are not so readily 
visible. This last point, however, is more easily 
demonstrated in the larvee 
of some of the higher forms 
of arthropods. In, for ex- 
ample, the animal Core- 
fhra plumicornis, we have 
a segmented shell, the 
head, which has eyes, is 
furnished with filamentous 
appendages, and, fm-ther, 
the throat and the rest of 
the digestive canal are 
veiy well marked, so that 
we can see above the for- 
mer of these a large gan- 
ghon, and then, ninning 
down the underside of the 
body, a chain of ganglia, 
and a commissural chain {c) 
of fibres connecting them. 
From the study of these 
little animals we are able 
to proceed with advantage to investigate larger 
specimens, of which the simplest is the crayfish. 
Fortunately, too, Professor Huxley has made it 
the subject of one of his lucid and most plea- 
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santly instructive zoological monographs, suited 
for all readers, so that those wbo wish to pursue the 
subject further can do so with the utmost readiness. 
In Fig. 1 6 Is given diagi-ammaticaUy a dissection of 
a crayfish, showing the nervous system and its re- 
lation to surrounding parts. You will notice that in the 
forepart of the head is situated a laige ganglion [gn. 1 ). 
This ganglion receives nerves coming from the eyes 
and the antenna, and gives nerves to the foremost 
of the head appendages. Running backwai-ds fi'oni 
it are two bundles of nerve fibres, or commissures (c), 
which, passing on each side of the mouth, connect the 
large head ganglion with the first {(}n. 3) of a series of 
ganglia which are arranged all down the front of the 
body just inside the shell, and which correspond one 
to each segment. The whole of the nervous system 
In this animal, It must be distinctly understood, is 
paired — that is to say, each ganglion, as I have just 
described it, really consists of two ganglia connecteil 
by a little short commissure, or bundle of fibres ; 
consequently the commissures which connect, the 
one paired ganglion of one segment, with the next 
paired ganglion of the segment below, are double, 
simply because of two sets or collections of nerve cells, 
one for each of the two halves of the body {-Fig. 1 7, 
I, J). There Is nothing for us specially to note in the 
structure of the nerve fibres or of the nerve cells 



■. 111. OF THE NERVOUS SYSTEM. 




in the arthropodn, but eacli of these elements ave 
better developed and more differentiated, perhaps. 
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than those seen in the lower ordere. The minute 
structure of these ganglia lias been made an elaboriite 
study by Professors Retziue, Biedermann, and othere. 
From the splendid work of Professor Retzius is taken 
Fig. 1 7, representing the appearance of the first abdo- 
minal ganglion in its sheath (.f) when stained with 
an aniline dye, which is practically taken up by the 
nerve tissues only. The longitudinally directed fibres 
(/, f,c^)t which form the commissures just spoken of, 
are seen to be largely developed, but the point of 
gi'eatest interest and importance is the fact (shown 
also in Fig. i S) that the nerve fibres (i), entering the 
ganglion, terminate or arise from numerous side 
branches, which are lost in the granular {punctate 
substance) {p, s) material, which forms the ground- 
work of the ganglion, and that their comiection with 
nerve corpuscles is, as especially shown in Fig i8, of 
a lateral or T-shaped character. Thus there is no 
evidence here of direct connection between the nerve 
fibres or processes of one nerve cell with those of 
another. Fortunately we have definite observations 
made on these simple ganglia by the experimental 
reseai'ch of physiologists, and principally by the 
investigations of Mr. Ward. This author fii-st de- 
voted himself to finding out whether the function 
of co-ordination was disturbed when the commis- 
sures uniting the ganglia were interrupted, and he 



found that it was 
so. That if the 
fibres, for example, 
connecting the 
large ganglion with 
the second were 
divided on the one 
side, initiation of 
movements of limbs ■ 
of that side was 
lost ; but of course 
if any of the limbs 
were touched, there 
was a simple re- 
sponse in the shape 
of movement. If 
both the commis- 
sures are divided, 
there is complete 
loss of initiation. 
Under these cir- 
cumstances, the 
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and conveying them to the maxillipedes, which 
hand them into the mouth ; but the animal 
exhibits no regai-d to the nature of the food, and 
similarly shows no regard to its position, provided 
the water in which it is placed is motionless, 
further, if reversed, it is impossible for it to replace 
itself, as, in its normal condition, it usually does im- 
mediately. It is interesting to note that the lower 
ganglia, after the influence of the highest is thus 
cut off, when moderately iiritated caused rhyth- 
mical movements of the posterior or ambulatory legs. 
We thus see that the highest ganglion is the most 
important, and corresponds somewhat to the brain 
of higher animals. It nevertheless is not entirely 
so, for, as just described, some co-ordinated move- 
ments of the legs and of the jaws in feeding can be 
performed, even if the uppermost ganglion have 
disappeared. If now, howevei-, tlie second gangUon's 
influence is removed by dividing the commissures 
connecting it with the third ganglion, the power of 
moving the jaws in feeding disappears so far as it 
is co-ordinated with movements of the limbs, and 
It is clear therefore that these two first ganglia 
exhibit in a remai'kable way that gi-eat principle of 
nerve functions of which we have as yet seen but 
little — namely, the precise localisation of action in 
definite parts . of the nervous system, or, as one 
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naturally prefers to say, in special nerve centres. 
We are also justified from these experiments in con- 
cluding that, in these animals, the nervous system 
in each of its conjoint halves subserves practically 
the functions of only that side of the body in which 
it happens to lie. We have therefore not only 
localisation of function, but also proof that, in the 
systems in which that is first well marked, there is 
concurrently exhibited a unilateral character of the 
representation of movement in the nerve cells. 
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LECTURE IV. 



After the review that we have just made of the 
nervous system and its functions in the inverte- 
brata, we are now justified in passing at once to the 
vertebrata. In order to utilise most profitably the 
time at our disposal, I shall proceed to describe to 
you the anatomy of the spinal cord and the gan- 
glionic arrangements of three classes of vertebrated 
animals, and I shall point out to you the relations 
which those structures bear to the peripheral nerves 
of the body, before proceeding to explain to you 
their function. This course is not only natural but 
inevitable, because while we have a large amount 
of experimental research bearing upon the function 
of the spinal cord, it has been derived from obser- 
vations upon different classes of animals ; and this, 
according to the principles which we have already had 
occasion to find true, means sufficient difierence in 
function to necessitate caution in the interpretation 
of facts. As specimens of vertebrated animals, 
besides man and apes, to which I shall make 
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reference, I shall employ only three, as I have just 
stated — viz., the amphibia, birds, and carnivora. 

The anatomical structure In the last oi-der is so very 
neai- that of the higher animals, including man, 
that very reasonable and accurate inferences have 
been successfully drawn from their examination 
in making comparison with the higher orders. 
In all cases, where we are dealing with the 
function of similar organs in different orders of 
animals, we can avoid error if we classify the points 
to be elucidated into a first division of general 
principles, and follow that by succeeding divisions, 
gradually introducing more and more details. What 
is true of one order as regards the first of such divi- 
sions, is undoubtedly true of another ; but where 
mistakes have been made they have followed the 
indiscriminate apphcation of facts from one animal 
to explain events occuiTing in another, without 
reference to the division of principles such as thai 
I have indicated. With this prefatory caution we 
can very well proceed to our task, without fear of 
confusing incompatible facts. 
V It will first be necessary for us to consider what 
R^e have rather left out so far— viz., the structure 
of nerve fibres, which we now know to be particu- 
larly important, because of late years, chiefly thixjugh 
|the researches of Gaskell, the mere differences in 
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size of fibi-es in the mammalia have been showD to 
Ije (letemiined in part by differences in function. 
Of course in the amphibia it is especially easy to 
study these structures, both in their anatomical and 
physiological relations, since they preserve their 
characters unaltered for some time after general 
death. I shall therefore show you some .speci- 
mens of nerve cells and nerve fibres taken from 
the frog. 

Nerve fibres are divided into two classes, whicli 
are termed respectively medullated (Fig. 20) and 
non-medullated (Fig. 19). This distinction is drawn 
because in the first class the fibre itself — that is, the 
nervous cord — is, just as In the second class, merely 
a fine thread of protoplasm, but happens to lie 
also suiTounded by a sheath of insulating material. 
You see these fibres here in the living state un- 
altered, but it is easier to demonstrate this sheath 
when the fibres have been stained, as in the pre- 
sent instance (Fig. 20), with osmic acid, which 
colours the insulating sheath black, owing to the 
fact that this latter is of a fatty natm'e. The 
other class of the non-medullated nerves, when thus 
treated with osmic acid, simply stain of a light 
brown colour, as they do not possess this insulating 
sheath. Now, Gaskell has shown that those fibres 
which have no sheath have always come into con- 
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iiection witli ganglia after they have left the central 
nervous system, and before, of coui'se, they reach 

Fig. 19. I'lc. ao. 




their destination, and, consequently, that the loss 
of the sheath is an evidence of this junction. Of 
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the meaning of the sheath or its utility we know 
nothing, but it Is supposed to act as an insulator. 
I shall now speak of the destination of nerve fibres. 
You have seen sufficient to know that, whatever be 
the structure of the nerve fibre, it either conveys an 
impression to the central nervous apparatus or away 
from it ; in other words, it is, as In the first case, a 
sensory fibre, or, as we ought more correctly to call 
it, an afferent channel, whereas in the second case it 
is a motor fibre, or an efferent channel. Taking the 
first set of fibres, the afferent channels, we find, of 
course, that we thereby include all the nerves which 
cfinvey special sensations- — the optic nerve or the 
nerve of sight, the auditory nerve, and so on^ 
not to mention the innumerable ones which run 
from the vast multitude of tactile sense organs 
that are scattered over the skin. I cannot detail 
to you the structure of all these, nor is it necessary, 
since they are to be found described at length in 
every text-book of anatomy ; * but it is incum- 
bent on me to give you an idea of sensory nerve- 
endings and the general principle on which they are 
all constructed in vertebrate animals. Viewed in 
its simplest condition, a nerve fibre which Is capable 
of receiving a sensory impression terminates in a little 
bulbous expansion (Fig. 21, f), and this bulbous 

• Coninlt especiaJIyQaain's "Anatomy." 
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expansion is very frequently ensheathed in various 
ways for a pmpose which is not fully understood, but 
"which seems to have some- 
thing to do with excitation 
of the nerve fibre. I here 
show to you, as an example 
of a sensory nerve-ending, 
one of the beautiful little 
bodies which are to be found 
in the substance of our , 
fingers, and are distributed | 
throughout the vertebrate ' 
animals, and which unques- 
tionably are organs for the 
reception of touch, as also, 
possibly, for temperature 
sensations (Fig. 21). 

You will observe that we 
I have, entering the lower 
part of this oval body, the 
nerve fibre (b) ; it passes up 
through the middle of the 
body, which, as may now 
be mentioned, derives its name, Pacinian corpuscle 
from Pacini, the Italian anatomist, who, simul- 
taneously with the late Mr. Marshall, discovered 
it. Ensheathing the nerve fibre are concentric 
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layers of altered j)i-otoplaBin {c, d) which, while 
protecting Its delicate bulbous end are not knowii 
to exert, as just stated, any very definite in- 
fluence upon it. A sensory nerve-ending tliere- 
Ibre, briefly summed up, consists of a bulbous end 
to the nerve fibre, more or less concentrically en- 
sheathed. 




We now turn to the other side of the system, 
to see how a nerve fibre terminates when its desti- 
nation is muscle or contractile tissue {see Fig. 22}. 
I have shown you how that, in the medusa;, the 
nerve fibres that are distributed to the muscular 
tissue of the bell terminated in little nucleated 
swellings. We now find that exactly the same 
conditions, in varying degrees of complexity, prevail 
throughout the animal kingdom up to and including 
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I man, the nerve fibre{?i) which arrives at a muscle fibre 

I swelling out into a little protoplasmic cushion (nr), 

' which is attached to the aide of the muscle fibre in 

intimate contact with it {Fig. 22). That the nei"ve 

tibie and its ending have rather different pi-operties 

is known to us by the action of certain drugs 

which have been found to paralyse the action of 

the latter, but not the nerve fibre itself. It is clear, 

therefore, that these nerve-endings do possess a kind 

I of physiological individuality, a mattei- to which 

I you will remember I was obliged to direct your 

[ attention in speaking of the souice of the rhythm 

I in the bell of the medusa. 

I shall, however, leave the particular points which 

I will interest us in the function of nei-ve fibi-es, until 

I after we have further considered the anatomy of the 

nerve centres, so far as it involves the spinal cord 

1 and so-called sympathetic system. 

To this subject we will now turn, and, taking the 
I frog as the most convenient example and as the 
I animal about which we know most, we find when 
I we come to investigate its nervous system, and to 
I compare it with the lower orders we have already 
I considered, that it is not possible for us to draw 
f any but very general conclusions, respecting the 
I comparisons whicli we strive to make between the 
[ complex system which is now intixiduced to our 
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notice and the simpler appai-atus which I have been 
describing'. At this moment this question is being 
very hotly debated, chiefly owing to the remarkable 
reseai'ches of Gaskell ; but, in addition to the whole 
matter being so essentially subjudice, it is not for 
me to express any positive opinion upon it, and 
foi' further study I must refer you to the writings 
of that author. The reason why we are met with 
so mucli difficulty in this matter is because in all 
questions of tracing out homologies, we are always 
at a loss if we have not before us a series of 
ancesti-al fonns wherewith to work out the stages 
of evolution that the nervous system has passed 
through. It is the loss of these intermediate forms 
which places us in this dilemma. Personally, I 
believe that anatomical research will do less than 
physiology towards settling these important and 
most difficult questions, and that, as a fact, we 
shall not advance very far towards their solution 
until we are able to approach them fi-om the 
standpoint of their function, which of course is a 
totally different mode of comparative investiga- 
tion. Perhaps I might indicate to you in a few 
words an instance of the difference in the amount 
that we have ah-eady learnt fixim anatomy and 
physiology respectively. Beginning with the highest 
. apparatus which is likely to afford us the maximum 
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of differentiation, we found that in the crayfish the 
uppermost of the series of gangha was clearly the 
one in which most initiation of movement started, 
hut that that initiation was also shared by the second 
ganglion, and that between the two passed the 
gullet or cesojjhagus of the animal ; whereas when 
we turn to the frog we find that the whole of the 
nervous system, which is capable not only of uiitia- 
tion but of the very simple property of reflex action, 
or simple muscular response to a peripheral stimula- 
tion, is permanently above {dovsally) the oesophagus 
or gullet, and nowhere is any part of it below 
(ventrally). Anatomically, therefore, one would not 
be justified in saying that the first two gangha 
of the crayfish are comparable to the cerebral 
hemispheres of the frog; but if now we turn to 
physiology we find the physiological evidence to 
point dh'ectly to such a conclusion, and since phy- 
siology can show an agreement in function, and 
anatomy is not able to adduce absolute evidence 
eithei- as to agreement or disagreement in the evolu- 
tion of structure, it is likely that the physiological 
aspect of the case is the more correct one. More- 
over, the brilliant investigations of Gaskell suggest 
that a perfect hai'mony underlies the apparently 
conflicting facts, and that the true homology lies 
between, not the gullet of the invertebrate and that 
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of the vertebrate, but rather between the gullet of 
tlie invertebrate and the central nerve canal of the 
vertebrate. 

Putting aside all discussion of these recondite 
subjects, which are not immediately necessary to our 
present purpose, we will now examine the nervous 
system of a frog in further detail, and we shall find 
that anatomically we are introduced, in this animal, 
to an enlargement of the simple conditions which 
prevailed in the invertebrate. In the invertebrate we 
had to do with scattered and simple nerve centres 
which we called ganglia, and to and from which there 
ran nerve fibres. Now in the frog these ganglia, 
in which the reflex functions and their localisation 
are more concentrated, are built ujj together closely 
into the organs whicli we call respectively the brain, 
the little brain (oi' cerebellum), and the spinal cord. 
In Fig. 23 you see these parts represented. At 
H.c, &c., are the cerebral hemispheres, the optic 
lobe, the cerebelhim, and the spinal cord (see also 
Fig. 24) You further note that, just as in the crayfish, 
each half of the body is supplied by half the nervous 
system ; in other words, that the nerve centres in the 
amalgamated brain and the spinal coi-d of the frog 
are just as much paired as the twin ganglia of the 
crayfish are. But herein enters a difference between 
the two animals. In the crayfish, the ganglia of the 
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one half of the body iiuiervated the cori-espondlng half 
and sul>served its functions, therefore we say that 
the crayfish exhibits unilatendity of representation. 
From the fro^ upwards we are introduced to a new 
circumstance-^ viz., the fact that the sensory nerves, 
especially tVioseof the eye8,have acquired a diagonal 
direction of growth, so that, as you see, the optic 
nerves absolutely cross oneanothra" {Vig. 23, II.), the 
result being t hat the eye of one side is in relation 
■with the half of the brain that belongs to the other, 
and that this crossing on the sensory side is made up 
on the motor by a similar intersection of the channels, 
so that the muscles of one half of the body are able to 
work hannoniously in relation with the sense organs 
of that side. But this harmony is only maintained 
by means of these crossings of the channels. We 
cannot dwell upon the relations of the brain in this 
animal, inasmuch as that will foi-ni part of next 
year's course ; we must therefore tuni our attention 
to the spinal cord. 

In looking at the spinal cord as it is shown in 
Fig. 25, it is obvious that it is divided by a median 
groove into two equal parts, and that it is a 
columnar structure, which terminates below in a 
point, but above passes into the brain. If we were 
to make a ctoss section of it we should find, as I 
stated in my first lecture, that it is tunnelled in its 
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centre by a minute canal, which passes upwards 
into the ventricle of the brain. Now, as a matter of 
fact, befoi'e it reaches the centre 
of the hemispheres, this canal 
widens out on the posterior 
surface at the upper part of 
the spinal cord just below the 
cerebellum, and here fonns a 
lozenge-shaped space, which is 
known as the foui'th ventricle 
(Fig. 24). The upper part of 
the spinal cord, which is thus 
hollowed out posteriorly, is 
that part which has I'eceived 
the name of medulla oblongata 
or bulb, and because it gives 
origin to the important nerves 
which regulate the action of 
the heart and the breathing, 
it has been looked upon as a 
special pai-t of the central 
nervous system. For the pre- 
sent, however, we shall disre- 
gard this region and confine 
ourselves foi' the next few lectures to an examina- 
tion of the functions of the rest of the spinal cord. 
You notice further (in Fig. i and Fig. 42) that 
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in the higher mammals the spinal cord presents a 
distinct enlai-gement where the nerves of the 
upper and lower limb are respectively given off. 
This, however, is far more marked in the higher 
animals ; such, for example, as the bird and 
the caniivoi'a. These swellings ai'e spoken of as 
the cervical enlargement and lumbar enlargement 
respectively ; the iirst being situated in the neck 
region, and giving rise to the nerves of the upper 
limb ; the second being at the lower extremity 
of the cord, and fiirnishing the nerves for the 
lower limb. They ai-e due to the greater develop- 
ment of nerve cells and centres, as well as to the 
addition of fibres, the increase in each case being 
related to the requirements of the limbs. We 
must now proceed to examine the anatomy of the 
cord more minutely ; it practically has the same 
structure throughout, although the proportions of 
Its constituents necessarily vaiy according to the 
amount of function the particular part may have 
to perform. It Is always best to look at struc- 
ture in relation to function, and I shall therefore 
describe its arrangement from the two points of 
view : firstly, the spinal cord as a conductor ; and, 
secondly, the spinal cord as a nerve centre. 

These two points of view are especially evidenced 
by a cross section of the organ (Fig. 25); you see then 
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that an immense mass of it is made up of nerve fibres ; 
but there are other parts of it which have a greyish 
appearance, and in which are more especially gi'ouped 
together the nerve corpuscles. The bundles of nerve 
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■fibi^es are, of course, the structures we are now 
particularly considering. They are seen to be 
naturally grouped into definite regions of the cord, 
ftiid separated from one aiiothei" by the nerve centres 
before alluded to. Thus thev are for convenience 
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sjjoken of as the posterior column (p), the lateral 
column {/,), and the anterior colunui (a) on each side. 
It would he strictly more correct to call the posterior 
column the dorsal, and the anterior column the 
ventral in each case ; but custom has so connected 
the terms anterior and posterior with the divisions of 
the cord in man, that it has usually been found more 
convenient to transfer the same nomenclature to the 
lower animals. The nerve fibres, which make up the 
columns, diflFer in size, but the significance of this 
is as yet imperfectly understood. 

Turning now to the cord as a nerve centre, you 
find that the grey matter or part of the cord, which 
has very much the shape of the letter H (see rather 
rig. 37}, is that portion of it which contain s 
the ganglion cells, and which consequently per- 
forms the functions of the cord as a distinct organ. 
These ganglion cells are aiTanged in two main 
divisions : those in the anterior or ventral part of the 
grey substance, which are large massive cells ; those 
In the posterior part, which are small, and have 
evidently to do with the reception of Impressions, 
the large ones subserving the functions of motor or 
efferent impulses. The cross-piece of the H is made 
up of nerve fibres which pass over from one side of 
the spinal cord to the other, and which are there- 
fore supposed to have a commissui-al character. 
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It will now be convenient to review the connec- 
tion of the peripheral nerves with the cord. You 
are ah-eady familiar with the fact that, opposite 
to the space between each pair of vertebi'se of the 
spinal column, a nerve passes out into the l>ndv ; and 
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furthermore, that it arises from the spinal coixi 
by two roots, an anterior root and a posterior 
root {Fig, 26). Fortunately, we are able to say 
that a yood deal is known of the connection of 
these roots with the spinal cord. It wiU how- 
ever, be better, I think, to say the few words I 
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THE SIRUCTURK AND FUNCTIONS 



Iiave to say upon the paiticulai* points in the 
structure of the spinal coi"d of the bird and the 
cat, before discussing this connection, since it has 
Ijeen much more elucidated by investigation of the 
liigher than of the lower vertebrates. The spinal 
coi'd of the bird requires no special description. 
The canal which penetrates it, however, opens at the 
lowest part In the lumbar enlargement, just like the 
fourth ventricle in the highest part, or meduUa 
oblongata. This lower ojiening is known as the 
rhomboidal sinus. 

Similarly, the spinal coi'd of the cat (see 
Fig. I ), as an example of general plan of structure 
in the carnivora, is merely a multiplication of 
the simple forms, and, consequently, when we 
examine the cord in the carnivoi-ous animal, we 
only see a more complex arrangement of fibres and 
cells than what we discovei' in the fi'og. This com- 
plication does Ijecome of interest and importance, 
however, when we finally explain the aiTangement 
of the spinal cord as we see it in man ; but we must 
first turn again, putting that aside, to the condition 
of affairs In the frog. We do not know absolutely 
the course of the fibres as they enter the frog's cord 
by a sensitive or afierent channel, and we can only 
suppose that they are partly dii-ect, partly indirect. 
We do know, however, that the nerve cells or 
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corpuscles of the aiitei'ior columus of grey matter 
ai-e definitely connected anatomically with the 

nerve fibres of the anterior root or efferent channel. 




Spinal cord cut 
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Consequently, if an impression travels up the 
posterior root or afferent channel and gains the 
spinal cord in the frog, it will reach the grey 
matter on the side where the small corpuscles are 
collected ; it then passes across apparently an area 
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of obstruction, and enters the so-called motor cells, 
finally leaving them by the large nerve fibres which 
make up the anterior root. The same description 
also applies to the bird, and the chief interest 
attaching to it is the remarkable development of 
tliis simple nerve mechanism, and consequentlv, as 
we shall see later, great (so-called) power of recu- 
pei'ation of function in these animals. 

In turning to the structure and functions of the 
spinal coixl in the higher cai'nivora and in man, it 
is interesting to find that the actual performance of' 
function in this species is subserved by a similai' 
aiTangement of nerve cells and nerve fibres, and that 
impressions come to the spinal coi-d by means of the 
posterior root, and appear to pass across Scorn the 
small cells in the posterior part of the cord to larger 
cells in the anterior part, and out by the anterior 
roots. So that, as we shall see directly in subsequent 
lectures, in whatever vertebrate animal we take, this 
mechanism provides for response by movement in 
answer to a single sensory stimulus, in exactly the 
same way as occurs in the medusse as well as in other 
invertebrates. At this point, however, I ought to 
indicate to you, especially as this is only a prefatory 
account, that the nerve centres in the spinal cord 
are arranged in groups according to the work 
which they have to perform, and that there are, in 
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I'the carnivora, numerous collections of such nerve 

■centres corresponding to each segment of the cord 

—that is to say, each district of the cord which is in 

relation with the two roots of each single nerve. 

■he activity of the spinal cord in the higher animals 

■■lias to be'considered in regard to the functions of 

the viscera, since it Is not necessary for the correct 

performance of most of these that the brain should 

I be intact, the spinal cord being quite equal to the 
task of providing for their being successfully 
carried out. But it does so by means of groups 
pf nerve cells, which are aggregated into con- 
venient places. Hence, when we are able to leave 
general principles and come down to details, we 
shall see that there are collections of such nerve 
centres in the upper portion of the spinal cord or 
bulb for the movements of the heart and lungs, 
as well as in part for those of the alimentary canal. 
Besides these, there is, in addition, a most im- 
portant central mechanism situated here, which 
regulates the size of the blood-vessels all over the 
body. This last apparatus attains its purpose by 
operating upon centres lower down in each segment 
of the spinal cord, each, moreover, being situated 
opposite to the origin of every nerve. Then, in 
addition, we have other centres aggregated in the 
flower part of the cervical enlargement, the uppei" 
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]>art of the dorsal cord and the lumbar enlargement 
nioi-e especially, which regulate entirely the move- 
ments of the viscera, then' successful performance 
of the functions they subserve, and moreover the 
state of the circulation within them. So much is 
this recognised, that it is customary to speak of these 
last-named centres more particidarly as the " lumbar 
centres." 

I have now spoken so far of the cord as a conductor 
of the sensory impulses upwards, and of its being 
an organ in which nerve centres are conveniently 
gixjuped together for the performance of definite acts. 
I have said nothing about it as a conductor down- 
wards of impulses coming from the brain. The 
fibres of the spinal cord which carry out this pur- 
pose run in the lateral columns in a small bundle 
towards the posterior side of the column, and all the 
evidence goes to show that they terminate in the 
nerve centres seriatim down the cord. In man 
and the highest apes this duty is imperfectly shared 
by the anterior column as low as the middle of the 
dorsal region, and probably lower (Tooth). 

Proceeding to the next point or general principle, 
we have to consider how far in these vertebrata the 
nerve centres, thus congregated in the spinal cord, 
are coimected with one another, just as we saw the 
nerve centres or ganglia in the invertebrata to he 
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connected by commissures. In the crayfish you 
saw that the ganglia were united by longitudinal 
bundles of nerve fibres, and crosswise also by little 
transverse ones. In the higher animals, where 
the cord, as vou see, is such a wilderness of fibres 
and cells, it is not easy to speak so very definitely 
on the union of the centres one with another. 
We are therefore obliged to di-aw evidence on 
the point rather from physiology than anatomy. 
Physiology teaches us the following considerations : 
In the first place, each half of the spinal cord is 
in relation with its own half of the body, so that, 
as far as it goes, each half of the spinal cord re- 
presents a single chain of ganglia injnnlng down 
one side of the middle line in the crayfish. But 
whereas the phvsiological experiments on the crav- 
fish went to show that in that animal there was 
no possibility of one chain of ganglia supple- 
menting the other, this is not quite tme of the 
higher forms, inasmuch as In them, the destruc- 
tion of the centres on one side of the cord is so 
provided against by commissures and cross junction 
lines, as to render it lelatively easy for a nerve 
impulse to pass across, so that if its usual route 
were interrupted it could nevertheless reach the 
muscles. It is not to be imagined, however, that 
|this supplementaiy action is developed in the 
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higher animals as a constant feature, as this possible 
supplementation of function is only to be obtained 
by exercise after injury has befallen the organ. To 
sum up, therefore, unilaterality of representation 
prevails, but there is a possibility of a certain degree 
of bilaterality becoming developed. 
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LECTURE V. 



You will now have gi-asped the salient fact that 
the spinal cord throughout the vertebrata acts as a 
conductor of impulses to the brain, which we call 
sensory, or, better, afferent ; and also from the brain, 
these being commonly termed motor, more properly 
efferent ; whde in addition the gi'ey matter of the 
spinal cord acts as a centre for the discharge of 
simple functions, such as movement, &c. I now 
liave to go further, and to point out to you that 
besides this system of ganglionic centres and nerve 
fibres, there are additional ganglia in connection 
with the nerves that enter and leave the spinal 
cord. The first and most obvious of these is the 
ganglion which is seated on the posterior root of 
each spinal nerve, and which I showed you In the last 
lecture (Fig. 26). The second is a system of ganglia 
which are united together appai'ently by a chain 
of fibres linking them In exactly the same way as the 
ganglia in the crayfish are connected (Figs. 23, 28). 
These form what is called the sympathetic system or 
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chain, because it was formerly believed by the old 
anatomists that this svstem of ganglia in a chain 
had for its function the duty of bringing the various 
organs in the body into harmonious correlation, and 
they built upon this theory a whole pathology or 
explanation of diseases, which reached its acme at 
the beginning of the century in tbe teaching of 
Abernethy, but which, like all theories not founded 
on experiment, has akeady become extinct. We know 
now that these ganglia have a distinct relation to cei-- 
tain fibres which leave the spinal cord and which are 
distributed to tbe blood-vessels and to the viscera. 
As regards tbe gross position of these ganglia, you 
will see that the chain stops high up, at the base 
of the brain in the skull, the branches coming Into 
connection with the efferent cranial nerves, and that 
it then runs down the neck, thorax, and abdo- 
men, receiving fibres from the spinal cord and 
giving off fibres to various organs. It is my purpose 
to-day to speak at length on this great synipatlietic 
system, so that we may dismiss it and resei-ve our 
time for the discussion of infinitely more important 
parts of the spinal cord and the bidb, to which indeed 
the sympathetic system is but an appendage. 

As you saw shown in the fi-og, in Fig. 33 and in 
Fig. 32, taken from Gaskell's work on the dog, the 
sympathetic chain ajjpears to start in the little ganglia 



io6 THE CTBCCTtRE AND JFU^XTIONS lect. v. 

in connection with the third and fifth cranial nerves. 
You further notice issuing from the spinal cord the 
anteiior and p(»terior roots already described of 
each spmal ner\-e, and that some of these are re- 
presented black in contrast to othei-s white. 
Those coloured black include the small medullated 
fibres I described in the last lecture, and most of 
these, after they have come into contact with the 
sympathetic ganglia, lose then- medullary insulating 
sheath, so that from the ganglion they issue as 
series of branches of non-medullated nerves. Yet 
fm-ther, you see that some of the branches coloured 
black escape, as it were, the sympathetic ganglia, 
and mil forward to other ganglia which are nearer 
the vi.scera to which they will subsequently furnish 
fibres. In these distal gangUa they finally lose 
their medullated sheath. Consequently we find 
that all the viscera of the body are Innervated by 
nei-ve fibres which leave the spinal cord, and enter 
into the composition of ganglia which have the duty 
of furnishuig branches of nerves to the various 
organs. Thus It matters very little whether the 
ganglia hajipen as it were for convenience to be 
arranged in a chain along the spinal column, or 
wliether they are situated around the blood-vessels 
wliich enter into the various organs, and hence it is 
that their mere morphological arrangement is more 
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a matter of general intei'cst than a revelation of 
function. It now remains for us to consider in 
further detail their structure and function. As 
regards the structure, that differs according as to 
whether we are speaking of the little ganglion 
on the posterior root of each spinal nerve, or of 
one of the ganglia which forms pai-t of the so- 
called sympathetic system. It will perhaps be 
more convenient to deal first with the former of 
these. 



w 



'.1'ucture 0/ the Spinal Ganglion on Postenor Root. 

The nerve fibres that run up a nerve and, airanged 
in bundles (see Fig. 29), enter into the composition 
of the posterior root, are raeduUated nerve fibres ; 
they run through the ganglion, and, with very 
few exceptions, enter Into conjunction with the 
ganglion cells. Now this conjunction with nerve 
cells in the spinal root ganglia is very interesting 
and curious. We have seen that in the lower 
animals a nerve fibre entered a ganglion cell and 
left it by one or more bi'anches. But with the gan- 
glion cell in the posterior root of higher vei-tebrated 
animals it is quite othei'wise ; in this case the nerve 
fibre I'uns through the ganglion and gives off a 
branch at right angles to its course, this branch 
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passiiig into a nerve cell in which it terminates. 
This arrangement is commonly spoken of as a 
T-8haped junction, and is an anatomical stmcture 
of much interest, for it is very difficult for us with 
our present views of nerve function to understand 
what It means ; whether there is some distinct 
storing up in the nerve cell of nerve impulses, or 
whether, as du Bois Keymond oiiginally suggested, 
the nerve cell under these cii cumstances acts like 
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^Bn electrical relay. This peculiar relation of a nerve 
^^cell to the side of a nerve fibre l)eIongs, so far as we 
are aware, only to this special system of ganglia, 
but its importance is shown by the researches of 
His, who discovered that in its development the 
nerve cell appeared as a local swelling on the side of 
the fibre, as is shown in Fig. 30, which is from a 
photogi'aph of one of His's di'awings. The structure 
therefore of a spinal ganglion — that is, the ganglion 
on the root of every nerve — ^is something quite 
ipecial, and deseives to be considered apart. 
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yunction of the Spi^ial Ganglion on the Posterior 
Root of a Spinal Nerve. 

Of the actual function of this remarkable aiTaiige- 
ment of nerve cells on the jrosterior roots of the spinal 
nerves, I cannot, unfortunately, tell you much, al- 
though a certain amount of physiological research has 
been expended on this very question. The investiga- 
tions of du Bois Reymond, who employed the method 
he had discovered, and which I mentioned to you in 
the last lecture — viz., that of finding out, whether a 
nerve impulse was or was not passing along a nerve 
fibre, by means of noting the presence or absence 
respectively of the electrical change which he had 
previously found always to accompany such passages 
of impulses — led him to test the spinal ganglion by 
the following means. Du Bois Reymond observed 
that if he excited a nerve root above the ganglion, as 
shown in the accompanying diagram (Fig. 3 1 ), and 
connected the lower end of the nerve with the gal- 
vanometer, that the latter instrument revealed the 
existence of the excitatory change in the part of the 
nerve beyond the ganglia ; the impulse must, there- 
fore, have passed backwards through the ganglion. 
The next important observation was made by Exner, 
who discovered by means of a particular method 
which I need not describe to you, as it would take 
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more time than the point is worth, that apparently 
this passage of the nerve impulse was not attended 
by any extra loss of time, such as might have been 
expected to follow had the impulse fii-st to leave the 
nerve fibre, then pass uito a nerve cell, and out again 
into a nerve fibre. It is possible, however, that 
Exner's method only revealed the fact that the arti- 
ficial excitation of the nerve fibres was propagated 
dii-ectly along the protoplasmic axis in the direct 
line of the nerve, and that it did not reveal what 
went on in the little T-shaped bi'anches that went 
ofi" from the nerve cells or in the nerve cells 
themselves. That this is more than likely is shown 
by the investigations of Gad and Joseph, who dis- 
covered that in the system of periphei-al ganglia 
there Is a distinct loss of time as the impulses 
pass through. They arrived at this conclusion 
by experimenting on the vagus nerve in the 
I'abbit. The vagus nerve in this animal exhibits a 
large ganghon soon after it leaves the medulla 
oblongata. That part of the spinal cord is, as 
already suggested, connected with various important 
functions of the body — viz, the action of the heart 
and respii'ation. For the present we are concerned 
only with the latter. When the central — ^.e.,the 
upper or brain end of the vagus nerve — is stimulated, 
fit is found that the breathing is immediately altered. 
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Tlie period of time wiiicli inter\'eneH between tbls 
centripetal excitation, and the 
[Hwluctioii of the effect, is the 
total amount expended in the 
j)as8age of the excitatory condi- 
tion or impulse to the centre in 
the medulla and dowii to the res- 
piratory muscles. By eliminating 
the period lost in mere conduction 
in the fibres, and by applying the 
excitation fii-st on the distal side 
of the ganglion and then on the 
proximal (at jO and Z respectively) 
it was easy to find the difference 
in time, and this difference these 
authors found to be about -nrW sec. 
This loss of time, however, cannot 
Ije accepted as finally deciding the 
point, inasmuch as several side 
issues make it difficult to deter- 
mine the exact influence of the 
excitation (Fig. 31). Thei-e re- 
mains now oidy one further 
point concerning the functions 
of these ganglia, and about which 
we are in no doubt. It is a most important func- 
tion, and one which we shall see is exercised to 
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an enormous extent by the nerve cells of the spinal 
cord. This Is the duty of maintaining the nutrition 
of the nerve fibres with which the ganglion is 
in connection. If, for instance, the nerve root be 
divided on the spinal cord side of the ganglion, 
it is found that almost all the nerve fibres which 
pass into the spinal cord degenerate and waste 
away simply because they are no longer in con- 
nection with the ganghon cells. Now it is very 
difficult for us to imagine what the nature of this 
influence which the ganglion cell exerts upon the 
nerve fibres can possibly be, but the fact remains, 
and we may perhaps more profitably postpone its 
discussion until we shall subsequently see its greater 
development in the spinal cord. 

Structure and Arrangement of the Ganglia of the 
Sympathetic System. 

I cannot give you all the details — that is, enume- 
rate to you all the brandies and nerve centres in the 
sympathetic system — that would be beyond the scope 
of this present course ; and, moreover, the fact can 
be easily learned by reference to any text-book on 
anatomy ; but I want to emphasise a few general 
points which we owe to the keen Insight of 
GaskeU. The first is that every spinal ner\'e 
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2)mctically may be considered to arise, whether from 
the base of the brain or from the spinal cord, by two 
sets of fibres, not merely arranged in anterior and 
posterior roots, as thev appear to the naked eye, but 
somatic and splanchnic; or, in other words, supplying 
tlie body structures — i.e., bones, muscles, skin, &c. — 
on the one hand ; and the viscera — i.e.. heart and 
blood-vessels, alimentary canal, &c. — on the other ; 
further, that where the splanchnic function has to be 
subserved, there the fibres which leave the spinal cord 
must pass through a peiipheral ganglion, as I have 
already stated. The situation of these peripheral 
ganglia under this view therefore becomes a point of 
great interest, and we find that they are grouped 
together and in such proportion as will provide for 
the concomitant number and size of the viscera to 
he supplied. Thus, while in the neck there is no 
jiassing out of fibres from the spinal cord to join the 
Bo-called sympathetic system, to be found to any 
gi'eat extent, there is an outflow of such fibres above 
through some of the cranial nerves, and most espe- 
cially naturally the nerve which we call the vagus, 
and which passes down through the body to inner- 
vate the most important viscera, not only those 
of the heart and lungs, but also even the liver, 
stomach, &c. Intermediately in the neck, where 
there are no viscera except the air tube or trachea, 
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the food tube or gullet, and main trunk blood- 
vessels, it is easy to understand, according to the 
views we have just enunciated, why these fibres 
should be in insignificant proportion ; whereas, as 
soon as we come opposite the thoracic portion 
of the spinal cord, more of these fibres pour out 
to supply both the various organs according to 
their proximity, and distal parts as well. In this 
diagram (Fig. 32), we see all these points illus- 
trated very clearly, and the relative development 
of these nerves and ganglia. Although it is not 
possible to describe the special nerve supply of all 
the different viscera or organs of the body, still I 
wish to allude to that of the heart and blood-vessels, 
inasmuch as not only has the relation of the action 
of the heart to disturbance of the nervous system 
always attracted attention from the time of Plato, 
but because of recent years much has been accom- 
plished scientifically in advancing our knowledge in 
this direction. 

Since the immense discovery by Claude Bernard 
of the so-called vaso- motor system of nerves— that is 
to say, the arrangement of nerve fibres which con- 
trols the calibre of the blood-vessels — to recent time, 
when Gaskell especially has added to the facts 
which explain how changes in the beat of the heart 
can be induced, there has alwavs been a large field for 
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furthei' exploration open. It is my purpose, however, 
only to touch upon one point, to Uluatrate to you more 
completely, what influence the nervous system exerts 
upon the blood circulatory apparatus. The vagus 
nerve, of" which I 

. FIG. u. 

spoke just now as 
acting as the medium 
of impulses which 
leave the medulla and 
influence the heart- 
beat, is the example 
I choose. In the frog 
it is easy to observe 
this, since we can in 
the ansesthetised ani- 
mal I'emove the cere- 
bral hemispheres, so 
that it can ujiques- 
tionably have no con- 
sciousness of pain. If 
then the heart be 
exposed and gently 
raised, as shown in 
the drawing (Fig. 33), the vagus nerve running down 
to supply it is also visible, and the special branch of 
it which ramifies over the base and side of the organ 
> reach little peripheral ganglia in the substance of 
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the heart muscles. If we now apply an electrical 
current to the vagus nerve to excite it, we find that 
it exerts a raarveUous effect on the heart-beat, slow- 
ing it, and even arresting it altogether, as you see, 
and as is shown also by causing the thread, holding 
the end of the heart, to move a lever, which writes 
by a point on a smoke-blackened moving surface so 
that we obtain a record defining the moment when 
the heart's movements are arrested. Similarly it can 
be shown that the medulla oblongata is the station 
jKir excellence for the impulses which alter the 
calibre of the blood-vessels and cause them to con- 
tract (pallor), or to dilate (flush). These vascular 
nerve impulses pass down the cord and out by the 
roots of the epinal nerves, to be distributed with the 
peripheral branches of the sympathetic system so 
called. 

These two examples will suffice to illustrate the 
existence of nerves which govern the organs and 
blood-vessels of the body. We are now in a position 
to discuss the minuter structure of this great 
sympathetic system, as it is called, and later to 
briefly examine the experimental results by means 
of which its function has been elucidated. 
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Minute Structure of the Ganglia of the 
Sympathetic System. 

The structure of one of these peripheral ganglia, 
or sympathetic ganglia, is very different ftxnn that of 
the spinal ganglion just described. As you see In 
the beautiful drawings by Key and E^tzius, the 
nerve cells of a sympathetic ganglion are not 
in connection with the nerve fibres by T-shaped 
branches of the latter, but, on the contrary, they are 
many branched, or, as we more commonly term 
them, multipolar, and of these numerous branches, 
no doubt one or more are in connection with the 
nerve fibres, while the others for aught we know 
are in more or less intimate connection with their 
neighbours in the ganglion. You thus see at once 
that in one of these peripheral ganglia, the con- 
dition of affairs is quite different from that which 
prevails in the ganglion of the posterior root of a 
spinal nerve ; in that case we had a through nerve 
path, upon the channel of which the nerve cell was, 
as it were, simply superadded ; whereas in the 
present case the nerve fibres appear to terminate in 
the nerve cell, firom which other fibres take origin, 
but in what way does not appear quite definite. 
Putting it in another way, in the case of the peri- 
pheral or sympathetic ganglion, there appears to be 
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a structural block in the course of the nei-ve fibre, 
liy reason of tlie hiterpositioii of a cell, whereas in a 
spinal ganglion the cell is not situated in the main 
line as it were, but on a branch line. The physiologj^ 
of these ganglia, which we shall now consider, tells 
exactly the same story. I have already alluded to 
the observations of Gad and Joseph, which show 
that the peripheral ganglion on the vagus in 
the rabbit is a distinct seat of delay to impulses 
ascending that nerve and ultimately afi'ecting the 
respiratory centre. This delay is very interesting, 
and very valuable work, but of a different kind, has 
been done upon these ganglia in this country by 
Messrs. Langley and Dickinson. These authors 
discovered that if a solution of nicotin be taken 
(and as weak a solution as i per cent, suffices), this 
very powerful nerve poison acts quite differently 
upon the elements which compose the ganglia ; thus, 
for example. It at first paralyses the nerve cells, 
but leaves the nerve fibres unaffected. This very 
remarkable discovery was brought about in the 
following way. Among the many duties which the 
nerves that leave the spinal cord and enter these 
peripheral ganglia have to perform, there is one 
which is very easy of observation, and therefoi'e 
extremely useful as an index. I refer to dilata- 
tion of the pupil of the eye. If, in an animal that 



J 
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Ehas been i-endered unconscious with chloroform or 
Ipther, the neck portion of the sympathetic chain 
li>elow the chief gangHon (the sujierior) be exposed, 
Jrand then stimulated with an electric current, it 
1 found that the pupil, which is supplied by the 

))raache8 of this portion of the system, actively 
vdilates ; whereas if the ganglion into which the 
pchain of tibres passes, be painted, even once only, 

ivith the solution of nicotin, excitation of the nerve 

does not produce the slightest eifect. That it 
I is the specific action of the poison upon the nerve 
sells and not upon the nerve fibres, is shown 
why the further discovery of these gentlemen that 
I the nerve fibres will endure being painted with a 
I nicotin solution without this interfering with their 
^conductivity. The employment of this method has 

)6nabled these writers to discover what hitherto was 
■absolutely unknown, and what indeed there was no 
limmediate likelihood that it should be known, and 
K<this was that the block which I have just spoken of 
{does actually occur in a peiipheral ganglion. Thus, 
r example, there are fibres the excitation of which 
■prevents movements of tlie stomach and allied 
I organs, and the fact that the application of nicotin to 
fthe ganglion entirely abolishes this function, and tliat 
lit does not interfere with the conductivity of nerve 
I fibres, shows us that the nerve cells of tlie peripheral 
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ganglia (in this case of the solai' plexus, see Fig. 2S) 
are places in which the nerve fibre absolutely stops, 
and that the nerve cell is capable of supplementing, 
or even greatly altering, the original impulses whicli 
may have left the spinal cord. 

Finally, there is a point, which I have already 
mentioned, that is entirely in harmony with these 
observations. You will doubtless remember that in 
the last lectm-e I described to you how that the 
nerve fibres which left the spinal cord, and ultimately 
ran into these peripheral ganglia of the so-called 
sympathetic system, after they had entered the 
ganglion, in each case lost their insulating sheath. 
This anatomical fact suggests most strongly that 
the medullated fibre tei'minates its course in the 
nerve cell. 

I now come to anothei- division of the function of 
this so-called sympathetic, but simply peripheral 
system, which is a very interesting question physio- 
logically, but upon which extremely little research 
has been expended, although it would make a good 
field for further investigation^ — I refer to the con- 
duction of afferent' — i.n., so-called sensory- — impulses 
from the viscera through these nerve fibres and 
peripheral ganglia. We are all aware that under 
ordinary circumstances — that is to say, of health — 
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popular phrase, inside us, but that as soon as the 
parts become hyper-sensitive by reason of being 
inflamed or injured, then we are conscious of what 
we call pain. Even then the important principle of 
localisation does not come into play. We are only 
very vaguely aware of the position of the ])art that 
is ill trouble, and very often this information is only 
gained in consequence of some portion of the body 
wall being also aflected, and by this means somatic as 
well as splanchnic nerves being excited. It is a 
tempting subject to speculate upon, this very remai'k- 
^h able absence of afferent impressions in general, and 
^f especially of localised afferent impressions, from the 
viscera, and to bring that point into relation with the 
anatomical fact of the nerve fibres supplying these 
parte being deprived of the medullary or insulating 
sheath. It is conceivable that nerve energy, like 
other forms of physical energy, may depend for its 
more perfect conduction on physical conditions similar 
to those which determine or not the correct trans- 
mission of electrical force. However that may be, the 
truth remains that the brain, in the highest animals, 
does not receive sufficient afferent impressions fi-om 
these peripheral ganglia to enable it to form any con- 

I scions idea of what is passing in the structures beyond. 
I [)articularly mentioned the highest animals, because 
we must be veiy cautious upon this point as regards 
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the lower genera, even the caruivora, Bince in them 
we find that, over a cousiderable extent of the 
folds of membrane which support the abdominal 
viscera, the most highly organised nerve-endings 
and fibres exist, such as are fouud in the most 
sensitive parts of the fingers. It would seem there- 
fore that these animals have thus a distinct 
mechanism for the appreciation at least of the 
position of the viscera, though whether that appre- 
ciation is actually a conscious perception or even 
recept— that is to say, whether the cortex of the 
cerebral hemispheres is aroused or not — we are quite 
unable to express any opinion, or whether indeed 
it may not be that the impulses pass no higher 
than the simple reflex centres in the spinal cord. 

To sum up the use and meaning of the sympa- 
thetic system and series of ganglia. We see that, 
although apparently separated from the central 
nervous system, it is only a specially arranged 
portion of the peripheral distribution of the nerve 
fibres branching from the brain and spinal cord, and 
further that its ganglia are but peripheral stations 
on these fibres. 

It is certain, of course, that impulses are con- 
stantly ascending from the viscera along these 
channels to gain the nei"ve centres, and therein 
set up responsive or reflex processes which issue 
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forth especially from the cord, and the effect of 
these is movement — i.e., contraction or dilatation 
of the organ or of the blood-vessels within it. 

I intend next to describe the general functions of 
nerve cells and fibres when these are in an exci- 
tatory condition, inasmuch as it is impossible other- 
wise to grasp fully the connection between function 
and structure, such as it is the object of these 
lectures to demonstrate, in the spinal cord and ulti- 
mately in the brain. 

To effect this object we shall be quite justified 
in proceeding to speak generally of the functions 
both of nerve fibres and of nerve cells, while using 
as our illusti-ations the simple tissues of the fi'og 
for the most part, because not only are these the 
more easily treated and examined in the living 
state without inconvenience, but also because in 
their essentials (principles, see Lect. IV., commence- 
ment) the phenomena they exhibit do not differ 
from those produced by the same tissues of higher 
animals. 

However simple it might appear, the task I am 
now setting myself is not an easy one ; for we have 
not the precise knowledge of nerve energy which is 
I'eally requisite for the purposes of differentiation of 
function. 

In fact, as regards nerve energy itself, we lia\'e 
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scai-cely advanced beyond the theoretical position 
taken up by Newton two hundred years ago, and 
which I quoted to you — viz., that it exists iii 
the form of vibrations affecting the molecular 
structure of the protoplasmic core of nerve fibres. 
We have, in fact, only proceeded as far as the 
determination of two facts, to which also I have 
already alluded — viz. : 

{ 1 ) The rate of transmission of such vibration. 

{2) The electrical change which is the accompani- 
ment of such transmission. 

There are, however, certain general physiological 
laws upon the subject which are well understood, 
and which condition the functional activity of 
nerve centres and fibres. We shall therefore, with 
additional advantage, combine together the con- 
sideration of all these points. 



l^CT. YI. 



OF THE NERVOUS SYSTEM. 



LECTURE VI. 



Having reviewed the general arrangement and 
relations of the spinal cord and ganglia, and having 
seen that the spinal cord acta as a conductor of 
nerve impulses as well as an originator of them, in 
obedience to certain definite laws ; and having seen, 
further, that the apparatus which fulfils this latter 
function is ganglionic structure situated in the 
substance of the cord around the central canal, 
we cannot dwell further on its minute arrangement 
without discussing in considerable detail certain 
general principles which underlie the functional 
activity of nerve fibres and nerve cells. Investi- 
gation of the structui-e of the spinal cord more 
especially, therefore, has been conducted on the 
two lines : (a) anatomical, (b) physiological. And 
while both methods are very fruitful in results, 
it is the latter of the two that has really furnished 
U8 with the most definite knowledge of the intricate 
action of the spinal centres, although frequently 
enough the information it gives us is very difficult 
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i>f iuterpretation, and may even appear contradic- 
tory. * 

During the last three years a fresh method of 
investigation by Mr. Gotcli and myself has, I hope, 
|)artly relieved us of this difficulty, and I wish to-day 
to explain to you the general application of this 
method, after we have seen the principles accord- 
ing to which the conduction in nerve fibre is 
carried on. 

We will laegin, thei-efore, with the conductivity 
of nerve fibres. Now the first point we have to 
remember is that the nerve fibre from the time of 
its complete development is a si/igle strand of pro- 
toplasm, which may or may not be covered with an 
insulating or meduUated sheath. This strand of 
protoplasm presents in the living condition, as well 
as after it has been variously treated so as to 
exhibit more clearly the details of its structure, a 
delicately fibrillated appearance, the fibrils running 
longitudinally. So far as we know the structure 
of the protoplasm, it is probably identical with that 



* Upon the latter point — namely, the apparent contradiction of e:!peri- 
mentnl reaults— I would only refer tn what I said before — viz,, that the 
great difficulty, especially in eitamining the spinal coid, is to differentiate 
between the functional activitj of mere fibres as contrasted with that of 
nerve cells, the difficulty being also greatly increased by the latter Etruoturca 
I'ommunicating with the foiiner. An; seeming contradiction ariaev from 
this cause, and will doubtlesa [iltimately be satis faotorlly explained. 
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of the protoplasm of lower kinds, with such eveu 
as that of the white blood corpuscles— namely, that 
it consists of a kind of firmer skeleton or framework, 
and a softer semi-fluid or viscous substance, which 
is contained in the meshes of the skeletal network. 
In the case of the nerve fibre, just as In the case of 
nerve cells, the skeletal framework may probably be 
the fibrillar structure before referred to. It is very 
interesting to see at any rate that the protoplasm 
of a nerve conductor has a distinctly longitudinal 
arrangement, which, it is not going too far to sug- 
gest, may, by virtue of this fact, be moie adapted 
to the polarisation of its molecules for the better 
transmission of nerve impulses. 

This being the nature of the stmcture, we will 
proceed to investigate the circumstances which moi-e 
particularly condition its capability of conduction 
and its excitability, oi', in other words, the ease with 
which it can be aroused. Various physical and 
chemical agencies improve Its conducting power, or 
at any rate appear to do so ; I make this latter 
leservation, because the exact interpretation of 
physiological experiment necessarily becomes to a 
certain degree modified by the advance of science 
and the accumulation of more experimental work ; 
in short, therefore, by more knowledge of the sub- 
ject. A good example of this is the experiment 
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upon the influence of lieat, as I will now demonstrate 
before you. Warmth naturally is always conceived 
to be an encouragement to the functional activity of 
protoplasm, but It is not quite certain as to how far 
this simple interpretation of Its infiuence is correct, 
or whether, in these particular experiments, the heat 
does not materially modify the resistance of the 
nerve tissue to the excitation. In this preparation 
you observe that the nerve passing into the muscle 
is laid upon two pieces of wire, or electrodes as we 
call them, which are connected with an induction coil 
that Is served by a battery. When the current, 
thus obtained as a series of shocks from the induction 
coil. Is thrown Into the nerve, its strength can be so 
adjusted as to be inefficient to cause the muscle to 
contract^ — -that is to say, It is what we call a sub- 
minimal stimulus, because the excitation is just unable 
to arouse the nerve sufficiently to cause an impulse 
to pass down to the muscle and make it contract. 
If now, however, while we are sending these in- 
effective shocks Into the nerve, we bring near the 
latter a heated bar of metal, so that the radiation 
from the bar should gently warm the fibres, we 
see that the muscle instantly contracts, showing 
that owing to the heightened activity (? diminished 
resistance) of the nerve fibres, the stimulus which 
was before inadequate, is now equal to Its task. 
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In the same way cold effects a converse influence* 
— namely, it diminishes the conducting power 
(? increases the resistance) of the nerve. 

The next point respecting the conductivity of 
the nerve fibres is one the meaning of which is not 
yet fully understood, and which depends upon the 
anatomical relations of the fibres. Thus it has been 
shown that if we take the spinal nerves as they 
issue from the spinal cord, and if we test them at 
various points in their course, we shall find, as 
Heidenhain and Bernstein did, that they are more 
easily excited the nearer they are to the spinal 
cord — i.e., to the nerve centres ; and we shall see 
later that there is other evidence of the same thing 
— namely, an increased activity apparently of the 
nerve fibres the closer we are to their junctions with 
nerve cells. 

Another mode in which the conductivity of nerve 
fibres is greatly influenced by external physical 
means, is that of sending a constant electrical cur- 
rent streaming along the protoplasm of the cores 
of the nerve fibres. This operation throws them 
into a state which Is called electrotonus, and, ac- 
cording to the directions of the polarising cur- 
^^rent which is thus sent into the nerve, greatly 



* Except in the apeatal case of cold direct); applied tc 
f. Gotcb ; " Proceedings of the Physiological Societj," 18; 
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modifies its conductivity or excitability, favour- 
ably or unfavom-ably. So easily is this brought 
about, that if when one nerve is excited, aud 
consequently its electrical condition altered, it 
be placed close alongside of another, it will induce 
the same condition of electrotonus in its neighbour, 
and so arouse nerve impulses in the second nerve, 
and cause any muscle in connection with it to con- 
tract. The most striking experiment which illus- 
trates this remarkable fact, and which has proved 
useftil in nerve physiology, was termed by its 
discoverer, du Bois Eeymond, " secondary tetanus." 
The arrangement of the experiment is extremely 
simple. Placed horizontally, is a muscle with its 
nerve depending from it, then above this muscle 
is another similarly placed with its nerve also 
hanging downward, but laid upon the mus- 
cular substance of the fii'st preparation. If now 
the first muscle be made to contract by stimulating 
its nerve, the second muscle will also Immediately 
do so, because the electrotonic state of the first pre- 
paration has been communicated to the nerve of the 
second. 

Lastly, as regards conduction, I need only add 
that, so far as we know, if a nerve impulse be 
generated in the middle of the course of a nerve 
fibre by suitably localised excitation, it travels both 
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ways along the nerve fibre — that is to say, up 
and down. This is very important, for although 
we have little doubt that as a rule impulses are in 
the habit of only ascending or descending nerve 
fibres, it is nevertheless quite clear that they can 
go either way iu conductors if necessary. More 
than this we do not know, and it is a great pity 
that furthei' investigation is hardly possible as yet, 
for it would be moat interesting to ascertain whether 
a nerve fibre is capable, like a telegiaph wire, of 
having sent along it simultaneously several different 
messages, provided suitable apparatus Is present 
at each end for reception and transmission. 

1 now wish to pass on to the special consideration 
of the manner in which nerve fibres react to exci- 
tation, and the phenomena which they exhibit in the 
coui-se of such I'eaction, and I will take the various 
ways in which they can be stimulated in their 
simplest order, althougli the most interesting bv far 
is the last. 

I 

^H If a nerve supplying a muscle be suddenly com- 
pressed, as you see, it evidently excites a nerve im- 
pulse, which is sufficient to cause the muscle to con- 
tract, and I may add it is also sufiicient to cause the 
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phenomenon of an electi'ical change in the nerve fihre, 
to wliich I shall Buljsequently allude. As an instance 
of the physiological effect upon the entire body, of 
mechanical irritation of nerve fibres, it is sufficient 
for me to remind you that when the so-caUed " funny- 
bone," or uhiar nerve on the inner side of the point of 
tlie elbow, is pressed, we not only feel pain and dis- 
comfort at the point pressed upon, but we also refer 
the effects of the pressuie to the tips of the fingers. 
This latter complication is simply due to an error of 
a]}preciation on the part of our nerve centres, and 
the whole process is a good illustration of the way 
in which nerve fibres can be irritated mechanically. 

2. Chemical Excitation. 

Various chemical reagents possess the power of 
more or less actively exciting nerve fibres ; thus 
the immersion of the nerve in carbonate of potash 
or solution of glycerine is sufficient to cause the 
development of nerve impulses which produce con- 
traction of the muscle in connection. While possibly 
the action of these chemical substances may be partly 
specific, it is nevertheless probable that it is also, 
and perhaps in the main, due to the abstraction of 
water from the fibres. 
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3. Thermal Excitation. 

So also heat when suddenly applied to nerve fibres 
will* stimulate them into action^ 



4. Electrical Excitation. 

Of all means that have yielded information on 
this question none has been so rich in results as the 
electrical method of stimulation. In the first place, 
we learn at once, by employing different forms of 
the electrical current, that nerve fibres do not react 
always in the same way to stimuli, and that these, 
to be effective in influencing the nerve fibre, must be 
of a certain degree of intensity ; thus, for instance, 
with a mechanical excitation, very slow and pro- 
longed pressure does not excite nerve fibres, it is 
necessary that it should be rather sudden in its 
application : so it is with the electrical current. 
We can take, as you see before you, such a powerful 
current as is derived from two Grove's cells, and 
when by means of this key, which is a convenient 
method of gradually letting into the nerve the 
stimulus, we apply it to the nerve fibre, it is ob- 
vious that, so long as we turn the key slowly, the 

* There are exceptions to this rule as far as sensory impressions go. 
Vidt " Journal of Physiology." 
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nerve fibre is not stimulated, and the muscle does 
not contract ; whereas if the key be turned shai-ply so 
as to increase suddenly the strength of the eun-ent 
running through tJie nerve, the nerve impulse is 
aroused, and the muscle Instantly responds to it. 
Direct observation has been made upon this point, 
and the most etticient period during which the 
closure of the current acts has been determined 
by various observers, and notably by Hermann, who 
found that it was about t-i,-,,- of a second. Du Bois 
Revmond had previously shown that if the constant 
current were applied without variation a relatively 
enormous difference of potential was necessary to 
evoke tetanus, and that its application produced 
after-effects. It is not clear whether this mode of 
action of the current is not partly due to electrolytic 
changes in the nerve fibres, or whether it is a true 
physiological influence. 

This property of the constant cun-ent in inducing 
electrolytic changes in the nerve tibres constitutes, 
of course, a serious disadvantage to its employment 
in physiological experiment, and, moreover, It is 
inconvenient to only obtain the stimulating effect 
upon making or breaking the current. The far 
more efficient means of electrical excitation of nerve 
fibres is the interrupted current, and that not the 
directly interrupted current, but the induced form. 
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By this means a series of induction shocks are sent 
into the nerve at the rate of about 100 a second. 
The result is to produce a very easy and ready 
means of arousing nerve impulses. 

Effects of Excitation on Nerve Fibres. 

"We have now to consider what happens in a 
nerve fibre when it has been excited by one or 
other of the means just described. The first 
question which we naturally ask ourselves is. What 
is its physical appearance imder these circum- 
stances ? Does it exhibit any change in form or 
otherwise ? The earlier observations of Rollett and 
others had showu that living protoplasm, when ex- 
cited by electricity and other meaus, contracted or 
shrank ; and Engelmann has shown that similarly 
the outlines of nerve fibres which have been in-i- 
tated are uneven and undulating, as though their 
protoplasm had contracted. Nerve cells also have 
been stated to shrink when, in the living condition, 
chemical reagents have been applied to them 
(Fleischl), or when they have been stimulated for 
a considerable time (Hodge). These latter expei'i- 
nients, however, require considerable repetition before 
they can be fully accepted. 

In pursuing our Investigation of the direct effect 
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produced on the nerve fibre by its excitation we 
look, of course, for the physical changes which 
habitually accompany the exercise of functional 
activity on the ])art of living protoplasm. Those 
are ; i. Chemical changes ; 2. Thermal changes ; 
3. Electrical changes. 

I. CJiemical Chwiges. 
The chemistry of living protoplasm is so extremely 
vague at the present time, that it is not surprising 
to learn that at this moment we know nothing 
of the most delicate and complicated chemical 
changes in the whole body — namely, those in the 
nervous system. It has been stated (and con- 
tradicted) that iierve protoplasm behaves in this 
i-espect exactly like other protoplasm— that is to say, 
in its functional activity it tends to become acid and 
to yield the products of oxidation, but while at any 
rate on the latter point no doubt may reasonably 
exist, it certainly does as regards the former. 
Moreover, it is reasonable to suppose that the 
chemical changes which accompany the passage 
of nerve impulses along a mere conductor are pro- 
bably so slight, that nothing but the most con- 
tinuous exercise of the nerve channel would evoke 
alterations sufficient to be detected with oui' present 
relatively coarse method of experiment. 



OF THE NEKVOUS SYSTEM. 



2. lliermal Chan-ges. 

The same is not quite true of the question of the 
development of heat ; however, while we shall see 
later that this does accompany the activity of nerve 
centres, there is at preseut no evidence that any heat 
is developed in a nerve Jibre. dui-ing the passage of a 
nerve impulse along it. It is a familiar fact to you, 
and well illustrated by the experiment befoie you, 
that, when we cause an electrical curi'ent to pass 
along a wire, it heats that wire, owing to the resistance 
which the current meets with in its passage along the 
conductor. When a nerve is taken and stimulated 
at one end so as to cause a nerve impulse to travel 
along its fibres, no such heating of the protoplasm 
can be detected, although this question has received 
investigation quite recently, at the hands of Mr. 
l-tollestou, by the most delicate method we know 
of. This method, which is well known to phy- 
sicists, is that of laying the substance whose 
temperature is to be investigated, on a fine metallic 
conductor through which an electrical cuirent is 
flowing, the circuit including a reflecting galvano- 
meter, so that the slightest variation in it can 
be at once detected. Such a variation of the elec- 
trical cun-ent would inevitably follow the warming 
■ of the little testing conductor bv as small an 
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amount of heat as -i-fr.,Tj degree Cent. ; yet, although 
tliii stimulated nerve was laid upon this conductor, 
no alteration was produced in the resistance ; in 
other words, it was not heated even to so slight an 
extent as T-.r',>.-. of a degree Cent. It is possible of 
course, and perhaps we ought to say probable, that 
this method Is relatively much too rough, and that 
bv some instrument we may be able some day to 
demonstrate the rise in temperature, which, from 
6 prioi-i reasoning, it is very difficult to believe does 
not occur in nerve fibres when they are in a state 
of functional activitv.* 



3. ElectHcal Changet^. 

Of all the changes in nerve fibres that accompany 
the passage of nerve impulses along them, the elec- 
trical are at once the most important and the most 
easily demonstrated. But before I begin to speak 
of them, let me beg you clearly to understand that 
although we have evidence of an electrical change 
occun'ing simultaneously with the passage of the 
nerve impulse, that is not the impulse itself, any more 
than the eftoi't, by means of which an engine-driver 
turns the lever which lets steam into the cylind* 



* See, however, Stewart : " StiiiliEa from the Physiological Laboratory ol 
Owens College, Manchester, 1S91." 
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is the force whicli starts the train in motion. The 
appUcation of an electrical current to a nerve fibre, 
and which stimulates it, has nothing to do, save 
the indirect relation of cause and effect, with the 
electrical changes in nerve fibres when thus 
stimulated. It is true that the exciting elec- 
trical current enters the nerve locally where it is 
applied, and that its electrical energy passes across 
through the substance of the nerve from one elec- 
trode to the other ; but wliat passes down the nerve 
to reach the muscle is not that electrical current, but 
a nerve impulse or development of nerve energy, 
which is accompanied by its own electrical change 
equally to be evoked, as I have already said, by any 
other form of stimulus — e.g., pinching, &c. What 
that nerve energy is, or bow much it resembles 
electricity, or heat, or light, oi' magnetism, we have 
not the remotest idea. We know that any one of 
the forms of energy that we have just mentioned can 
be, to use popular language, converted into the 
other — as, for example, in the case I gave you just 
now, where the behaviour of an electrical current in a 
conductor is such that light and beat are produced ; 
but since we have no means of measuring or getting 
liold of nerve energy, we cannot tell what is the 
direct relationship between it and the electrical 
pgtimulus which calls it forth. All we can say, at the 
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present time, by way of putting the matter move 
cleariy before our minds is, that the stimulating 
electrical cun'ent determines some molecular change 
in the nei-ve at the point where it happens to be 
applied, and tliat that molecular change we, for the 
sake of convenience, agiee to call an excitatory 
change ; and we further go on to say that that ex- 
citatory change is transmitted down the nerve fibre, 
and when it an'ives at its destination it Is, as in the 
case of a nerve-ending in muBcle, transformed when 
it leaves the little motor nerve-ending and passing 
into the muscle, causes the mechanical change of 
form which we call contraction — i.e., the kind of 
energy termed movement. I can now proceed, with- 
out fear of confusing my subject, to the electrical 
change which is developed in a nerve conductor 
or fibre when it is stimulated. Apparently, if a 
living tissue be absolutely uninjured and at rest, one 
part of it does not appear to be in a difierent 
electrical state to another part, but if it be injured 
the part which is damaged becomes, as we express 
it, electro-negative to the rest or uninjured portion 
of the tissue. This is indicated, as in Fig. 29, 
by the signs minus ( — ) and positive ( + ) ; the cut 
end of the isolated nerve is of course the injured 
part of the tissue, and we therefore find when w© 
connect the cut end and the longitudinal surl 
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respectively with the galvanometer, that there is 
a distinct difference in the electrical state of the 
two parts of the nerve ; that the electric potential 
is higher in the uninjured part than at the dying 
surface ; and therefore if, as just stated, the two 
portions be connected to the galvanometer, that 
instrument reveals to us that, in popular language, 
there is a current flowing through it fi-om the un- 
injiu-ed longitudinal surtace to the cut transverse 
end. 

This fact was not discovered until 1843 by du 
Bois Reymond, but, most remarkable and far-reach- 
ing as it is, it is of less importance from the physio- 
logical point of view, because, as we have seen just 
now, it really depends for its existence, or at any 
rate marked development, on an abnormal state of 
things — namely, an injury of the tissue. What, 
however, is of the most fundamental and far- 
reaching significance is the following, which was 
discovered also by du Bois Reymond — namely, 
that if a nerve impulse be caused to pass down 
such a nerve thus prepared, the passage of that 
nerve impulse along the fibres evokes in them a 
change in their electrical state of the following 
kind. The electrical difference between the un- 
injured and injured surfaces respectively under- 
goes a slight change, and owing to the fact of 
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its taking the form of a dimiuution in the pre- 
viously existing difierence, it is not improperly 
called a negative variation. Now, this negative 
vHriatiou is really the greatest discovery in the 
minute or intimate physiology of nerve structures 
of the pi-esent eeutiu-y ; for if we are dealing with 
nerve fibres alone — i.e., isolated — it is the only 
evidence we possess of the passage along such 
fibi-es of nerve impulses : consequently, when we 
ju-e attempting to analyse the physiological activity 
of the spinal cord, when it is behaving as a cou- 
tluctor rather than as a nerve centre, we should 
without this method be ignorant in what that 
ilifferentiation of function consists. This diminution 
of the previously existing electrical difference 
may be taken as indicating the development of an 
electrical cun-ent flowing in the opposite direc- 
tion to the previous one, and therefore Hermann 
termed this negative variation, which is evoked 
by aixiusing tlie function of the nerve, the " action 
cun-ent." 

I shall speak of it under this title, not, however, 
that I think the term, strictly speaking, scientifically 
a good one, inasmuch as it rather tends to bind 
us to a particular interpretation of the phenomenon. 
Nevertheless, as it is the term which best connects this 
jdienomenon with the passage of the nerve impulse. 
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it will doubtless commend Itself to you, as being 
self-explanatory. This action cmrent, fortunately, is 
developed even if we only send through a nerve fibre 
a single induction shock, the duration of which, as you 
know, is extremely short — less than a thousandth of 
a second : consequently, it is of stiU greater value 
to us as a means of knowing whether it is one big 
impulse alone which is passing down a nerve con- 
ductor, or whether it is a number of impulses with 
which we have to deal. Since, if it be the latter 
we could, provided we had a suitable instrument, 
see the successive development of a little series of 
action ciurents, one for each nerve impulse. This 
reasoning forms the basis of what is now spoken 
of as the galvanometric method of discovering the 
localisation, and indeed numerical estimation of 
nerve impulses ; and it is the one which Mr. Gotch 
and I have employed in our researches. 

I spoke just now of a suitable instrument for 
recording the existence of the action current : as 
a rule, this is effected by means of this beautifiil 
galvanometer, named the Thomson reflecting galvano- 
meter, after its inventor, Sir William Thomson. 
This instrument is so delicate that it is capable 
of appreciating the 30-millionth of an ampere ; it 
is of course on this account extremely sensitive, 
■ and special precautions have to be taken in its use ; 
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but these are well known, and can be discounted, 
It has, however, a serious disadvantage for our 
purpose, for while It shows, by a steady swing of 
the galvanometer needle, the existence of the 
action current, it is too slow in 
its swing to reveal a series of 
these if they follow each other 
pretty rapidly, inasmuch as the 
one succeeding the othei' at a very 
short interval, the needle has not 
time to swing back, and conse- 
quently they all become ftised 
,|l| A—^,_._^ together into one large deflection. 

4^y"\^ ( There is an instrument, however, 

which does move very sharply 
and quickly when even a weak 
electrical current is sent into it : 
this Instrument Is called Lipp- 
mann's capillary electrometer, 
and as made by Mr. Burch is 
extremely efficient ; its structure is shown in this 
diagram {Fig. 34). It consists simply of a little 
capillary tube (c) containing mercury, which is im- 
mersed in sulphiu-ic acid {«), and, when an electrical 
current is sent into it, the mercury advances along the 
little tube, and as quickly retreats when the current is 
shut ofll But it also has a greater advantage — namely. 




In thU drawing tbi 
current In ths nerve i; 
shown as an actioi 
onirent. 
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that if we focus by means of the microscope (M) 
the image of this little capillary on to a slit with a 
very strong light, the electric light, and if we have 
moving behind that slit a sensitive photographic 
plate, we can take a photograph of the shadow cast 
by the mercury column ; thus, if this he caused to 




Drawing of a photograph. A'h is the shadow 0^ the mer- 
curial column. The little elevations nv, m, are the little 
leaps the iiierca[7 makes when eatih single shock to the 
ner™ induces an "action current." 



shoot Up and down by the passage In and out of 
it of the action cuiTent, that shoot up and down will 
also be shown as a shadow on the photographic 
plate, and in this way we shall obtain an automatic 
record of the electrical effect produced in a nerve 
fibre by the passage of the nerve impulse. Such a 
photograph is shown in Fig. 35. 
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We have just seen that the single negative varia- 
tion or diminution in the previous electrical state of 
nerve fibres is our only physical e'vidence, of a direct 
kind, as to what occurs in one when a single nerve 
impulse passes along it, but, although it is the only 
direct evidence at om- disposal, it is of immense 
practical value, and this will be realised later when 
we see how it forms a reliable method for determin- 
ing the paths of transmission in the central nervous 
system. Further, the extraordinary fact, of which 
I have spoken before, that nerve fibres conduct both 
ways when they are excited in the middle of their 
course, was also discovered by the use of this method. 
Thus, as Indicated in the diagram (Fig. 36), excitation 
of the nerve (jt) by the battery (B) causes the 
muscle {m) to contract, and at the same time the 
galvanometer (G) which is in connection with the 
other end reveals the presence of the " action cm-- 
rent," or negative variation. From this it is evident 
that the nerve fibres, have conducted upwards and 
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' downwards in the directions of the arrows from the 
point excited. The other known fact concerning 
the transmission of nerve impulses along fihres is the 
rapidity of their passage, which is ascertained to be 
about 33 metres per second; in other words, about 
100 feet per second. This is a rate which we can 
picture to ourselves readily enough, when we con- 




sider that it is just about equal to that of an 
express train going a trifle over sixty mUes an 
hour. It has been directly measured by a very 
simple plan (Helmholtz) as follows : If we trace 
along the nei-ves from the spinal cord in the neck 
region down into the muscles of the upper limb, we 
find that they come near to the surface at different 
places. It is relatively easy for us therefore to 
stimulate the nerve for the small muscles of the hand, 
high up in the neck and low down in the forearm, as 
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bIiowu ill the diagram (Fig. 37) at « and b respectively. 
A suitable apparatus is then connected with the 
small muscles of the hand, and an electric signal, at 
the same time, with the exciting current. Finally, 
we have another electric signal marking the time. 




Apparatus to record, the moment at which a mascle 
contractE when a Etimulna from an induction coil (I, II) 
is applied to diSerent parts of the nerve (N), and so used 
to obtain evidence of the time taken for the passage of 
the impnlse along the known length of nerve between a 

Note, — The above diagram represents a frog's nerve 
and muscle arranged for the esperimont. 

Now all tfiese signals are made to wiite upon a 
blackened surface (P) which moves rapidly forward, 
impelled by a spring, and, in doing so, opening a key 
which allows the current from the battery to stimulate 
the nerve, and at the same time to record the fact 
of the stimulation on the plate. The apparatus, 



attached to the small muscles of the hand being 
pressed upon by their contraction, similarly demon- 
strates the moment when that happens. Fmally, 
marked below are the periods of time recorded. If 
now in the first place, when the nerve is stimulated 
hig'h In the neck at b, we find that the total time 
expended between the moment of excitation and the 
contraction of the hand muscles is a certain amount 
which we may call (T) ; and if, further, we find the 
total time occupied between the excitation of the 
nerve at (a), and the corresponding muscular re- 
sponse, to be (() ; then it is obvious that the difterence 
between {J^ and (() must be the amount of time 
which Is consumed in the passage of the impulse 
from h to a. 

Probably all nerve fibres transmit impulses at the 
same rate ; this position, however, has been strongly 
contested, and it has been stated that the im- 
pulses passing along the so-called afferent channels 
or sensory nerves travel quicker than the corres- 
ponding motor impulses; so too it has been sug- 
gested by Exner, that the rapidity of transmission 
of nerve impulses in the fibres situated in the nerve 
centres is different to that seen in the peripheral 
nerves, but of this there seems to be a considerable 
lack of evidence. 

Mr. Gotch and myself have examined this point 
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and have provisionally come to the conclusion that 
the fibres in the spinal cord conduct like those of the 
l)eripheral nerves. It may not at once be apparent 
why this rate of transmission of nerve impulses should 
be a matter of so much moment, but it will be obvious 
enough when we consider that if It were not for 
this determination of the rate in the peripheral 
nervous system we should be unable to determine 
the amount of time a nerve centre occupies in its 
work. 

We will now begin the discussion of the leading 
principles which underlie the action of simple 
nerve centres, such as occur in the spinal cord, 
and will for this purpose give a description, in 
brief outline, of the structure of one of these. 
I believe we are justified in mentally building it 
up as consist'mg of three parts : ( i ) an afferent 
side for the reception of impressions, (2) a field of 
conjunction which connects the afferent side with 
{3) the efferent side from which impulses pass out 
down the nerves (see Fig. 38). 

1. The Afferent Side. — Into the dorsal part of the 
spinal nerve centres enter the afferent channels from 
the posterior root. This part of the grey matter of 
the cord is called the posterior horn. For our 
present purpose it may be regarded simply as con- 
sisting of a complex maze of nerve fibres ' in which 
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are situated a number of small nerve corpuscles 
■which are specially characteiised by the tendency 
exhibited by their processes of breaking up into 



Sectional Surf act 
of Cord ^ 



Efferent. 
Side. 



Afferent 
Side. 




Field 

r. "f - 

Con^unctiou. 

lip.if — Ganglion on posterior root. 

C = Posterior root. 
£lx — Excitation electrodes applied to posterior root 
iD — Indirect nerve Eensory, i.e., afferent path, 
Di = Direct afferent path ascending cord in posterior oolamn. 
eo = Small oorpascle of posterior part 0! grey matter. 
/ = IntemuDcial fibre. 
P — Pyraaidal tract, flbre from brain. 
Q> — LRTge corpuscle of anterior horn of giej matter 
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finer and finer ramifications until these can be 
traced no further. The fibres of the afferent chan- 
nels — I.e., posterior roots have, it must be remem- 
bered, never been demonstrated to enter aetuallv 
these small or posterior nerve corpuscles. 

2. The Efferent Side.— We will pass at once to 
the consideration of the efferent side of the nerve 
centres because we do know something positive con- 
cerning it, as regards structure, whereas of the 
field of conjunction we know little or nothing. 
The efferent side of a nerve centre from which the 
impulses leave, consists of very definite anatomical 
structures — viz.,Iai-ge nerve corpuscles (see Fig. 41), 
the largest in the body, which give off numerous 
branches (see Fig. 39), the division of .which is a 
matter of peculiar interest and importance. Before 
the method of staining, recently devised by Golgi, 
and by which he and, later, KoUiker, Ramon de 
Cajal, and others have discovered that the pro- 
cesses of these large cells have different destina- 
tions, it had been known since the time of 
Deiters, that there was one process in particular, 
which did not appear to branch, and which ran 
towards the anteiior roots, and was apparently 
continuous with their fibres. We now know from 
a double method of staining introduced by Held 
and Flechsig, that this axis-cylinder process, as it 
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is called, does branch — i.e., gives oif, at right angles 
to the main course, one or two side "insulated" 
channels, and then enters the anterior root to isane 
as a motor or efferent nerve fibre. 




Section of Bpinal ootd. — KBlliker. 
c — Large ner?e corpuscle of grey matter of cord, 
bb — Small brancbes witli their Don -communicating 

divisions, 
d = Axisjjjlinder process. 
{ — Lateial column. 

\ 3. The Field of Conjunction. — Of the Field of 
Conjunction in which the branches of the cells of 
the afferent and efferent sides respectively must 
meet, we know little or nothing. This is especially 
unfortunate, because it seems likely that this is the 
most interesting region of the nerve centre, and 
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that the obstruction to the passage of nerve impulses, 
which is obviously offered to such as may happen 
to attempt to pass through, is chiefly centred here. 

The rapidly dividing branches of the nerve cells, 
both of the anterior and posterior cornua of grey 
matter, are directed towards each other, but they 
evidently do not meet, and the assumption is that 
they are lost in the ground substance of the. spinal 
cord. Moreover, this is true also of nerve fibres 
which, whether coming by way of the posterior root, 
or as terminal branches of the pyramidal tract,* 
run apparently into the field of conjunction : they 
branch, and the ending of their branches cannot be 
traced, in fact no direct conjunction has ever yet 
been traced between the branches of the nerve cells, 
or those of the nerve fibre with the nerve cells. 
This absence of. direct connection between the most 
important parts of the nerve centres is of course 
extremely diflBcult to understand, inasmuch, as it 
would seem that physical'continuity of differentiated 
nerve protoplasm did not exist ; but, as we do not 
know anything of the part which the ground sub- 
stance of the tissue plays in its functional activity, 
we cannot make any surmise on the subject which 
would be worth mention. The fact is, of course, that 

* Namely, the fibres which descend the spinal cord directly from the 
brain. 
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impulses do pass, and that in spite of obstruction or 
block, which we shall presently see is very marked 
under certain circumstances. 

Turning now to the special physiology of nerve 
centres in the spinal cord, we find that apart from 
their regulating the changes in nutrition of the 
tissues to which they give fibres, they are principally 
charged with the duty of evoking muscular contrac- 
tion or movement in response to received impressions 
fiom the outside. This movement does not only 
show itself by that of the large muscles of the limbs, 
but also of the circular fibres of the blood-vessels, 
in other words, by vaso-motor effects. The action 
of these centres Is, however, easiest to study, when by 
their discharge they cause the large muscular move- 
ments ; most therefore has been learned respecting 
their properties from this kind of effect, and it is 
consequently the one on which I shall lay the 
greatest stress. 

(a) Character of discharge. — A spinal nerve centre 
differs in its mode of discharge according to the 
stimulus which evokes the disturbance of energy. 
In the first place, the centres will not react to a 
slight excitation ; the first condition therefore Is 
that the stimulus should be adequate — i.e., have a 
certain force. The next point, which contains practi- 
^jcally all that concerns the character of the discharge, 
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is that as to whether the stimulus is single or con- 
tinued. If it be single and shoi-t the reaponse is a 
single twitch, whereas if it be prolonged, a tetanus 
or continuous contraction can be evoked according 
to the state of activity of the centre. Further, the 
centre as a whole has, in the latter case, a remark- 
able power of adding up any inefficient stimulations 
that it may receive, and of giving out a muscular 
response to a sufficient repetition of these inade- 
quate or subminimal stimuli. 

So far I have spoken of the character of the 
discharge of the spinal centre, as it is revealed to 
us by the contraction of muscle as the consequence 
of the flow of nerve energy. But quite recently 
Mr. Gotch and I have proposed the employment 
of the electrical method for the elucidation of 
this point, and this can be done in the following 
manner : — 

The electrical disturbance, which is set up in a 
nerve fibre during the passage of a nerve impulse 
along it, is, as I have already told you, termed the 
negative variation or action cuiTent. When you 
see it causing in the galvanometer the deflection of 
the needle, these deflections are easily recognised to 
have distinct chai-acters ; thus in a nerve Jihre, when 
that is excited, the movement of the needle pro- 
duced is a relatively quick or sharp response, and the 
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moment the stimulus is left off, the needle at once 
stops and quickly returns to its former place ; whereas 
when we test the discharge of the nerve centre 
along the same fibre, we find that the deflection of 
the galvanometer has a different character. It is 
slower, and only gradually reaches to its maximum, 
and in the next place, when the current is shut off, 
it gi'adually returns to normal, contrasting in this 
respect very much with the effect observed in the 
fibre when that has been directly stimulated. 

(6) Amount of discharge,- — It would naturally 
occur to you, that what we should like to know is, 
what is the amount of nerve energy which is put 
^out from a spinal nerve centre. Unfortunately, of 
lurse, as before said, we have no means of measuring 
amounts of nerve energy, physically speaking, and 
therefore we cannot say in positive terms what 
disturbance of energy there may be. But the 
electrical method here steps In and supplies us with 
a kind of comparative measurement, probably of In- 
tensities — i.e.. If we excite nerve fibres directly, for 
example, and obtain a certain amount of deflection, 
and if we then, on the other hand, cause a nerve 
centre to discharge down these same nerve fibres and 
obtain a different deflection, we shall probably not 
be far wrong in saying that the two readings are 
comparable together as Indications of the Intensity 
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of the nerve impulses in the two cases. We 
know also by this method that If it is not a 
question of intensities, the number of fibres con- 
cerned in the passage of the impulses must be very 
diiferent, and that we have found to be true fi*om 
our work on the spinal cord. There is always the 
possibility that both factors may be at work, and 
if we get a small figure as the result of a nerve 
centre's discharge into a mixed nerve — i.e., a nerve 
containing both afferent and efferent fibres, or to 
use more popular language, sensory or motor respec- 
tively, it may mean that the centre is only dis- 
charging along a few fibres, efferent ones of course, 
or it may also mean that the intensity of discharge 
from the nerve centre is distinctly low. Esviewing 
the whole subject, there seems httle doubt that, 
if the figure is very low in comparison with others, 
the intensity is probably affected. Now, as a 
matter of fact, it is a very low figure, for we find 
that the nerve, if excited directly, will give a 
deflection of 200 to 300 scale in the galvanometer, 
whereas the discharge of the nerve centre down 
the nerve fibre averages 26 only on the same scale, 
that ie to say, about an eighth or a tenth of the 
amount. This Is rather a revelation to us, because we 
now see that it may be possible in the future to find 
out some relation between the discharge from nerve 
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lentres, and the amount of muscular force which 
■is evoked, and in this way by some considerations 
allied to those upon which the conservation of 
energy is based, arrive indirectly at a rough physi- 
1 conception of nerve energy itself 
(c) Duration of the production of the discharge. 
Perhaps the most interesting thing connected with 
the discharge of a nerve centre, if we could get it, 
would be the actual time taken up by the nerve 
cells in their work of converting the sensory or 

(afferent impression into an efferent or motor impulse. 
This can be approximately arrived at in the following 
way : — 
A nerve is chosen leading from a segment of 
the spinal cord, and a muscle in connection with 
it caused to pull a lever, which may break an 
electric current. If now any afferent nerves lead- 

■ing to that centre be stimulated by a single shock of 
electricity, the nerve centre will have the easy task 
of converting tliat single (exceedingly short) afferent 
impression into a motor impulse, and it does so, 
almost invariably producing a single muscular 
twitch : hence the single afferent excitatory state is 
converted into a siugle excitatory state on the 
fferent side by its passage through the nerve 
The question therefore for us to decide, is 
how long a time is expended in that conversion in 
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the nerve centre. Now we must think what we are 
dealing with. In the first place, we are stimulating 
(Fig. 40), at a point say B, a sensory nerve fibre 
going up to a centre, 
and what we measure 
with our Instrument is 
tlie whole length of time 
between the moment of 
throwing in the induc- 
tion shock at B, and the 
commencement of the 
contraction of the mus- 
cle at M. If now we 
call the afferent or sen- 
sory side of the nerve 
centre A, and the effer- 
ent or motor cell of the 
centre E, then, from the 
whole time between the 
commencement of the 
impulse at B and its 
arrival at M, we must 
plainly subtract the time which is lost in going from 
B to A, and from E to M, and finally the time which 
is lost in the nerve-ending in the muscle itself (see 
Fig. 22). This last item has been ascertained by 
Helmholtz's method and found to he on the average 
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one-hundredth of a second, during which time, as 
it were, the motor nerve-eiiding is inducing the 
muscle to contract. The rate at which the im- 
pulses pass up to the centre and down from the 
centre we know ah-eady is 33 metres per second, 
therefore if we measure the length of the nerves we 
can easily estimate the fraction of a second that is 
lost during the passage of the impulse along them. 
Adding then these to the one-hundredth of a 
second lost in the nerve-ending, and suhtracting 
from the total time expended from A to B, the 
answer comes out '006 of a second. Some ob- 
servers, it is true, find that the time is much longer 
than this, Exner, for example, says that the 
time is not six -thousandths of a second but six- 
huTidredths. Such differences as these are not so 
serious as they ajipear, because you will naturally 
understand that uerve centres of all kinds are very 
dehcate and very easily affected by the conditions 
surrounding them, such as temperature, nutrition — - 
i.e., the circulation, and the occurrence or not of 
previous excitation, and it is evident that the co- 
existence or absence of any of these factors must 
produce a varying activity of the centre and there- 
fore a difference In the rapidity with which it 
works. 

((7) Automatism. — I now enter upon a fresh 
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characteristic of the lowest nerve centres, including 
those which are to be found in the medulla oblou- 
fjata or bulb and in the spinal cord. This is what 
is very fiequently spoken of as automatism, and 
the usual example given is the action of respira- 
tion or breathing. Our breathing is efi'ected of 
course by muscles which expand the chest and so 
draw air into the lungs, and then by others which,con- 
tracting again, expel it, so that the lungs are continu- 
ously being alternately ventilated. Now, the muscles 
are caused to contract for Inspii-ation or breathing 
in, and for expiration or breathing out, by a regular 
and rhythmical discharge of nerve centres, at the 
rate of sixteen times per minute. Other instances 
of so-called automatism are the activities of centres 
all down the spinal cord, which have to do with the 
various organs of the body — have to keep up, in 
some cases, constant or tonic contraction where 
muscles are acting as valves, to hold back fluids, &c. ; 
in other cases, to provide for alternate contractions 
and relaxations, and so forth. All these subordinate 
functions are carried on by these centres in a regular 
fashion, excited, no doubt, by impressions from the 
outside — i.e., from the organs whose machinery they 
thus set in action ; but at any rate, while the law 
of cause and effect is thus obeyed, a nerve centre is 
so far independent, that it discharges in a rhvthmical 
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way and at a definite and characteristic rate, exer- 
cising, as it were, its own time of summation of 
impressions and its own period for their discharge. 
This automatism, as it is improperly called, of the 
lower centres Is extremely interesting and important 
in many ways, because, understanding that the 
spinal centre can do this, it is easy for us to approach 
the next question which comes Into close connection 
with the subject — namely, what happens in a spinal 
nerve centre after it has been excited. You have 
seen the graphic way of recording the muscular 
contractions which follow excitation of the nerve 
centre related to that muscle. Now, under certain 
circumstances, it is found, and has been gTaphically 
recorded, that the muscle, after It has responded 
directly to the excitation of the centre, at certain 
Intervals following that excitation contracts again 
and again repeatedly. These contractions, small as 
they are, occurring after the primary effect or result 
of the excitation, are to be correctly spoken of as 
after effects, and they correspond unquestionably 
with the after effects, which next year we shall see 
are so very chai'acteristic of discharge from the nerve 
centres In the cortex. It Is plain from all this that 
the spinal nerve centres, especially when they have 
been to a certain degi'ee disorganised by previous 
disease in the spinal cord, if they are excited 
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keep on dischai'ging their energy, and stimula- 
tions, which were before disregarded by them, lie- 
come quite enough now to effect this. A very 
striking example of this is what is termed, in 
clinical work, ankle clonus, where a sudden stretch- 
ing of the leg muscles is sufficient to evoke a 
wouderfully rhythmical series of discharges of the 
spinal centres, causing a steady and rapid shaking 
of the foot, and this constitutes a very valuable sign 



Intriiisic chmifjes i'a the centre, in consi'ijiiencn 
of its functional activity. — As physicists, we would 
naturally desire next to know, just as In the case of 
the nerve fibres, whether any chemical, theiviial, or 
electncal changes attend the development of nerve 
energy in a nerve centre, for theoretically it is im- 
possible to conceive that it should take place without 
the concomitant exhibition of some alteration in one 
or other of these dii-ections. In the case of nerve 
fibres, we saw that of chemical or thermal changes we 
had no evidence, but of course very marked electrical 
ditierence, which has proved so useful to neurologists. 
Of nerve centres we know still less, and as to whether 
01' not their activity is accompanied by chemical 
alteration we are absolutely ignorant. Of heat 
vai'iations in the spinal centres we are also quite 
ignorant ; we shall see, when we come to consider the 
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activity of the brain, that there heat-changes have 
been described, but none so far as regards the spinal 
cord. Now with respect to the electrical changes, that 
is still more a matter of doubt, because in the first 
place, as du Bois Reymond has pointed out, it is 
unlikely that we should have electrical differences 
exhibited in masses of nerve protoplasm in the 
shape of cells if those are quite uninjured, as they 
must be, naturally enough, for the performance of 
their functions. And moreover, quite apart from 
general considerations of this sort, the fact remains 
that every nerve centre is a combination of cells 
and fibres, therefore, if we connect such a centre 
with the galvanometer, as has been done in the 
case of the brain, we cannot say whether any 
electrical effects which we observe are due to the 
cells or to the fibres. In this state of ignorance 
therefore, we must leave this interesting topic. 

■ 

Localisation of the origin of energy in a 

nerve centre. 

The nerve cells in a spinal nerve centre on the 
afferent side are small, and, as we have already seen, 
branch and divide, and the terminations of such 
divisions are lost to sight in the cord. Yet we know 
that impulses spread from this region, through the in- 
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tei'vening field of conjiinctioiij to the big' nerve cells in 
the anterior part (Fig. 4 1 ) of the grey matter of the 




n of apinal cord of young animal. - 
p = Posterior oolunin. 
pr — Posterior root fibres entering cord. 

c = Central canal, 

D = Bloodvoasel out across. 
ac = Anterior cominissure. 

jir, = Large nerve cells of anterior horn of grey matter. 
L = Lateral column. 

(/ = Fibres cut across— i.e., running up and down the 
lateral column. 

spmal cord, the elements of the efferent side of the 
nerve centre. Now comes the puzzling question, 
which of the elements of the centre is the source 
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of the nerve energy, is it the small celle of the 
posterior horn, is it the mysterious region which 
we have called the field of conjunction, or is it the 
large nerve cell which is so characteristic of the 
efferent region ? Up to the present time these 
latter large corpuscles have always been called 
" motor," and, perhaps, by common comprehension 
of the meaning of that expression, they have 
I obtained the x-eputation of being the source of 
I the nerve energy ; and it is a curious thing that 
although sensation stands to movement in the rela- 
tion of cause to effect, nevertheless the afferent 
part of the nerve centre — i.e., the sensation-receiv- 
ing part, has not been credited with the function 
of which there is now good reason to believe it is 

I the true source. For many years Dr. Bastiau has 
taught that the origin of the nerve energy is 
to be looked for on this side of the nerve centime, 
and that, as a matter of fact, there is no direct 
evidence to show that the large anterior corpuscles 
are the sources of energy that they are supposed to 
be. But so far his observations have not been 
examined by the experimental method, and for 
that reason, perhaps, have not met with the 
attention that ought to have been accorded to 
I them. Dr. Bastian showed, as long ago as 
I l86g, that the fundamental process in every 
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movement is an aesthetic one, and that the 
sensory substratum of nerve action is the memory 
of former movements, by virtue of the impressions 
received from the moving parts. He therefore 
invented the term kinjesthesis, which very suitably 
expresses not only tht; memory of movement, but 
also the idea that this nerve action starts on the 
afferent or sensoiy side of the nerve centre. The 
experimental examination could not be performed 
clearly until the application of the electrical method, 
consequently the opinions I shall advance are as yet 
those founded only on the experiments of Mr. Gotch 
and myself However, they were so clear and constant, 
that they leave in our minds no doubt of the truth of 
the proposition of Dr. Bastian which they so markedly 
emphasise. I must briefly summarise these facts, as 
time will not permit me to detail them at length. 
In the first place we found that the excitation of the 
spinal nerve centres was conveyed up the cord as a 
sti'eam of nerve impulses in the posterior half of that 
organ and not in the ventral side : but much more 
striking evidence is to hand. To our surprise 
and, I must add, strongly against our preconceived 
notions, we discovered that the nerve energy of a 
discharging nerve centre overflowed down the 
posterior or afferent roots, as well as of course 
going down the ordinary efferent paths. This shed 
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at once a new light on the whole subject as to the 
source of energy in the nerve centres, because 
knowing, as we did from our other experiments, 
that impulses would pass up most easily the pos- 
terior side of the spinal cord and would only issue 
through the nerve centres in a very diminished 
degree, it was clear that the field of conjunction must 
afford a considerable block, and that therefore, if there 
was an overflow down the posterior roots, that over- 
flow could only be reasonably surmised to come from 
a source of energy situated in the afferent side of the 
centre. It occurred to us to test this by a new way 
altogether, and that was to see whether nerve 
impulses would pass backwards through a nerve 
centre. This we effected very easily by simply 
applying our electrodes to the efferent or so-called 
motor channel — namely, the anterior root — and 
connecting the upper part of the spinal cord with 
the galvanometer so as to reveal the slightest 
amount of nerve impulses that might pass up the 
cord. We then discovered that nothing whatever 
passed up the spinal cord when we thus excited the 
anterior root."^ The block therefore, that we spoke 
of just now, as existing in the field of conjunction 
must be of a very extreme character for anything 

*' This result was accurately foreshadowed by Prof. James in his remark- 
able work on " The Feeling of Effort,*' 1880. 
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in the way of an impulse trying to pass backwards 
from the large nerve cells of the anterior horn. In 
this way you see we are brought logically back again 
to our original position — viz., that it is the afferent 
side of the nerve centre which is the source of nerve 
energy. I cannot do better now than conclude this 
general discussion of the behavioui* of a simple nerve 
centre like that found in the spinal cord than by 
illustrating a simple reflex act. The commonest 
example, that one can think of, is the sudden with- 
drawal by us of our hand if we touch, or come in painfiil 
contact with, any object, or the mvoluntary closure of 
the eyelids when any object touches the eyelashes or 
the surface of the eye. In the lower animals, as is 
well kuown, the spinal nerve centres are so highly 
oiganised that, as in the tortoise or in the frog, the 
beheaded animal even is perfectly able to move its 
limbs in response to external stimulation. Until 
such external excitation is applied the limbs are 
motionless and flaccid, but the moment a stimulus is 
sent to the cord, by touching the foot for instance, the 
cord reacts by sending impulses to the muscles and 
the result is a movement of the leg that is irritated, 
that is to say of the one on the same side as the 
stimulation. Then if that be held so as to pre- 
vent its moving, the other leg begins to move and 
to thrust away the stimulating object. In other 
words, the impulse has spread across the cord from 
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the same or stimulated side to the opposite side. If 
we go further, and confine that leg also while con- 
tinuing the stimulation, the fore leg on the same side 
as the stimulation will begin to move, and then after 
that the muscles innervated by the medulla oblongata 
or bulb, and later on, the fore leg of the opposite 
side. This remarkable arrangement of the activity 
of the nerve centres was discovered long ago by 
Pfliiger and formulated by him in certain well-known 
Gesetze or Propositions. Thus, in the fii-st place, 
he discovered that if an excitation passed up a 
sensory nerve it was first reflected, as we say, along 
a nerve fibre belonging to the same segment. Next, 
that if the fibre excited belonged to any part of the 
spinal cord the impulse would always tend to ascend 
and excite the centres in succession, as they lay 
higher than the points stimulated, until the bulb 
was reached, when the action stopped, or rather, 
the excitation being continued, spread over to the 
I opposite side, Pfliiger also discovered the interest- 
liing fact that when, on the contrary, any cranial 
Inerve were stimulated, the excitation did not tend 
Kto pass upwards (i.e. forwards), but, on the con- 
itrary, downwards towards the bulb. This shows 
the spinal nerve centres are gathered 
Mgether more intimately for the passage of up- 
Iwai'd — i.e., centripetal — impressions than for the 
I converse. 
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LECTURE VIII. 

I PROPOSE in this lecture to continue the considera- 
tion of the manner in which the nerve centres are 
built up together in the spinal cord, and the manner 
in which they are concentrated in the medulla 
oblongata, or bulb, at the upper end of the cord. 
For this we can conveniently start by again noticing 
that, for each piece of cord which lies opposite a 
vertebra, there are a pair of nerves, one nerve on 
each side (see Fig. 42). These nerves leave the 
spinal canal, which encloses the spinal cord, by the 
so-called intervertebral foramina, which are the little 
spaces between the arches of each of the vertebrge. 
These spinal neiwes have therefore been enumerated 
and classified according to the vertebrae opposite 
which they lie, or rather by the vertebrEe between 
which they issue. Owing to the fact that the skuU 
as a segmented part of the body has become greatly 
altered in the process of evolution, it will be better to 
neglect the cranial nerves for the present. There 
are eight spaces to be provided for, as far as the 
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cervical or neck region is concerned, hence we find 
that instead of seven cervical nerves (I'.e, coitc- 
sponding to the vertebrie) there are eight. In the 
dorsal region or back, the vertebrie, which carry the 
ribs, and which thus make up the chest, are spoken 
of as dorsal vertebrre, hence, each of the nerves which 
runs forwards between the ribs, and is therefore called 
an intercostal nerve, is at its origin a dorsal nerve. 
Then descending the spine we conie to the lumbar 
vertebrse and sacral vertebne, the nerves correspond- 
ing to which take their origin from the lumbar 
enlargement of the spinal cord and suppiv the abdo- 
men, and also by joining themselves together into 
the great sciatic nerve, furnish the whole peripheral 
system for the lower limbs. The compact bundle into 
which the lowest nerve roots run dowii from the 
spinal cord is spoken of as the cauda equina, owing 
to its resemblance to a horse's tail. The nerves, 
however, when they leave the spinal canal, are 
combined together before giving oif their branches 
to the limb and some of the trunk muscles, and 
these combinations are called plexuses. 

We are now In a position to review the functions 
of all these spinal nerves, and we will complete our 
description of the centres from which they take 
origin, seriatim, before we discuss the nerves and 
nerve centres which arise from the central apparatuses 
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in the medulla oblongata or bulb. In thus selecting, 
as it were, one part of the bulbo-spinal apparatus for 
consideration without regard to the other, we shall 
not be doing so much violence to the general plan of 
organization of the nervous system as might other- 
wise appear, inasmuch as although the character of 
the functions of the two parts is so very much alike, 
the divisions of tlie body and organs, which they 
supply, are so highly specialised in the case of the 
cranial nerves that they can very justly be placed in 
ite division. 



Kinds of Function to be provided for. 



II I, Movement. — Of all the various duties of the 
nerve centres in the spinal cord, which communicate 
with the body by the spinal nerves just described, the 
first and most important is that of movement. To 
make my description and classification of these 
centres, as regards the movements they regulate 
and produce, complete, it would he necessary for 
you to be thoroughly acquainted with the muscles, 
which are the real mechanical instruments em- 
ployed for this purpose. This, however, in its 
entii'ety means an endless study, theoretically and 
practically, seeing that there are some three hun- 
dred muscles in the body. Fortunately, it is not 
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necessary to know them all, it suffices if we realise 
the sort of movements that have to be provided 
for. We must notice these a little closely, inas- 
much as when we come, subsequently, to the local- 
isation of function in the cortex of the brain, the 
nature of the movements therein localised is quite 
as much a matter of interest and importance as 
the particular part of the body moved. In other 
words, although we do not have to learn the exact 
position of each muscle, we must know the vary- 
ing kinds of movements in general. Now the 
chai'acter of a movement depends on the nature of 
the joint which is in action, for if that, Uke the elbow 
joint, is a simple hinge, then the only movements 
that have to be provided for are flexion or bending 
and extension or straightening. And on the other 
hand, if the joint is a ball and socket joint, Kke the 
hip, then obviously we shall have not only flexion 
and extension, but shall also find that the lirah 
can be carried away from or towards the middle 
line of the body — i.e., abducted or adducted, res- 
pectively ; further, that it can be rotated in and 
out, or that it can be made to describe a circle — 
i.e., circumducted. So much for the character of the 
movements of the different pai'ts. 

With reference now to the parts which themselves 
move, I may perhaps remind you that anatomically 
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we are in the habit of dividing the upper limb into 
the arm — i.e., fi-om the shoulder to the elbow, the 
fore arm, the wrist, the hand, the fingers, and the 
thumb, the first finger being spoken of as the index 
finger ; similarly, Tv-ith the lower limb we speak of the 
thigb between the hip and the knee, the leg from 
the knee to the ankle, the ankle, the foot and the 
toes, and the gi-eat toe is spoken of as tlie hallux. 
These diffei'ent parts of the limb are each limited by 
joints, and are looked upon, therefore, properly as 
segments of it. In considering, therefore, the 
localisation of the centres which preside over the 
movements of the limbs, we must think of the latter 
as divided into these various segments, inasmuch as 
the localisation of the movements of each has been 
made out both in the spinal cord and in the brain. 

As far as the spinal cord is concerned, its evolu- 
tion is so closely wrapped up with that of the parts 
mentioned, that it is more convenient by far to 
divide these nerve centres according to the seg- 
ments already detailed. The first investigators to 
throw light upon this subject were Professors 
Ferrier ajid Yeo, who discovered that, in the spinal 
cord of the monkey, the cervical and lumbar en- 
largements or swellings of the cord were respec- 
tively the seats of nerve centres for the different 
groups of muscles which moved the segments of the 
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limbs. They we.i'e followed m their work by others, 
especially Erb, For^fue, Beevor, Ac, and the outcome 
of these observations, as well as the anatomical ones 
(if Patei-stiii and Herringham, has shown that the 
divisions of the spinal cord correspond with those 
of the limbs, in such a way that the uppermost 
divisions of the limbs have correspondingly the 
higher centres in the spinal cord, and the lower 
we go down the limb the lower are its centres 
in the spinal cord. A good example of this is to 
be found in the case of the upper limb, for the piece 
of the cord which contains the centres for it 
extends fi-om the fifth cervical nerve to the first 
dorsal inclusive. Of the nerve centres in this piece, 
the highest — viz., those in connection with the fifth 
and sixth nerves — are the ones which regulate the 
movements of the shoulder joint, whereas the move- 
ments of the thumb are provided for by the eighth 
ceivical and the first dorsal nerves. So too for the 
hip and great toe which are respectively provided 
for in the upper and lower parts of the lumbar 
enlargement. The arrangement of the centres for 
the character of movement is conditioned in pretty 
much the same way. As far as the upper limb, for 
example, is concerned, flexion is the rule in the 
upper half of the cervical region of representation ; 
iind extension or straightening is proportionally 
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marked in the lower part. Of course the nerve 
centres in the dorsal region of the spinal cord, as 
compared with those in the cervical and lumbar 
enlargements, are necessarily smaller and relatively 
insignificant, inasmuch as the muscles which they 
supply, being simply those for the movements of 
the ribs, are greatly limited in their actions. 

2. Seiisation. — The next important duty of the 
nerve centres in the spinal cord Is to provide for the 
pi'oper transmission and grouping together of sensoiv 
or afierent impulses, I am very particular to say 
afferent, because, as a matter of fact, whereas we 
find that if certain nerves are paralysed, there is in 
consequence loss of sensation to touch, to changes of 
temperature, and to pain, yet it would appear, from 
the researches of Goldscheider in pai'ticular, that 
these functions have a special channel- — oi-, at any 
rate special nerve-endings in the skin. Whether 
they also have stations of their own in the spinal 
cord, wherein they are collected, arranged, and trans- 
fen'ed to the brain, we do not know, but of course 
it would seem likely. We do know that, on the 
whole, if the limbs be divided Into a front and outer 
half, and a posterior and inner half, that the sensa- 
tion of these two halves is represented differently 
in the spinal cord, and that, for example, the 
sensory impulses of the front and outer parts of 
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the limbs travel to the upper parts of the enlarge- 
ments ibr the respective nerve centres of the 
membei-s. 

One special form of sensation and its localisation 
in the spinal cord I particulai'ly wish to allude to, 
while the representation of movement is fresh in our 
minds, because it also becomes of surpassing interest 
when we discuss the fimctions of the brain, I mean 
the afferent impressions, which we receive fi-om 
the parts of our body which are in active movement, 
— /.c.,frora the muscles contracting, fi-om the tendons 
pulled upon, and from the joints which are pressed 
or stretched. These impressions collectively make 
up what is popularly called the muscular sense, 
and they form, as we shall subsetjuently see, the 
basis of every finely graduated movement ; in this 
way they make up what we call practice and skilful 
dexterity. But what is of special interest as re- 
gards their development in the spinal cord is their 
employment in the muscular act of standing up- 
right. When we lose our consciousness, as every 
on e is well aware, we fall, we do so because 
our muscles are no longer actively superintended 
by the nerve centres of the spinal cord and the 
cerebellum (and probably, to a certain extent, of the 
cerebmm). The absence of the active contraction 
of the muscles causes the joints to relax, and hence 
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the body to collapse. Between this condition of 
total disorganisation and the normal condition, there 
is to be seeu in disease every stage, and hence it 
follows that we may have only those particulai' 
iibi-es paralysed which ai-e most especially connected 
with this Important duty of preserving the proper 
relations between the impressions which are called 
the muscular sense, and the muscular contractions 
which secure the proper equilibrium of the joints. 
Under these circumstances, although the person 
does not fall, he nevertheless staggers, and the 
limbs are moved about in a very jerky and 
characteristically uncontrolled manner. This con- 
dition is spoken of as ataxy, and the disease which 
gives rise to it is called tabes. We shall see pre- 
sently the paths of conduction of these impressions, 
and therefore we can postpone the fui'tber con- 
sideration of this matter, merely observing that it 
is not unlikely that what undoubtedly occurs in the 
lower animals, such for instance as in the fi'og, may 
partly also be present in man, and that the lower or 
bulbo-spinal centres may contain within themselves 
the proper organisation of both afferent and efferent 
parts for the harmonious production of some of our 
so-called compHcated acts or movements. 

3. Miisndar Tone. — There is a small matter or 
duty which is attended to and provided for by 
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all the spinal nerve centres which have to do 
witii movement, and that is the presei-vation of 
muscular tone. I alluded to this before in 
speaking of the nervous system in the medusa;, 
and I showed yo" what was meant by tonic 
contraction, such as was first seen in the jelly- 
fish by Romanes. You will remember that the 
polypite of Sai-sia underwent relaxation if the 
little nerve centres in the margin of the bell were 
removed. So it is with the muscles of all the higher 
animals, they relax if they no longer receive dis- 
charges from the nerve eenti-es. It is hardly necessary 
to say that, since we cannot have an effect witii- 
out a cause, these constant discharges of the nerve 
centres disappear under ordinarj' circumstances if 
the afferent chaimels leading to them are inter- 
rupted or destroyed. As Claude Bernard found, 
if the posterior or afferent roots were divided, all 
the muscles supplied by the particular centres of 
which the nerve roots had been cut became relaxed 
The same thing, of course, is produced in a very 
marked degree if the motor nerve to a muscle is 
similarly divided. We do not know the cii-cum- 
stances to meet which this constant, and, therefoi'e, 
important physiological fact has been developed. 
Its existence Is ceitainly conducive to quick and 
efhcient contraction of the muscles, the functional 
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activity of which is enhanced by their tis.sue being a 
little stretched, 

A striking example of the flaccidity of the muscles 
brought about by the destniction of the nerve 
centres is seen in a disease called infantile pai-alysis, 
which attacks young childi'en, and in which the 
efferent part of the nerve centres, av, seems unfortu- 

FiG 43 




nately to be picked out by the disease and destmyed, 
as 3'ou see in the accompanying figure (Fig. 43). 

Under these circumstances the muscles of the 
paralysed limb are absolutely lax and the joints con- 
sequently become unfoi-tunately distorted. 

4. Nerve Supply of Blood-casseh. — The next duty 
of the spinal nerve centres, that must occupy oiu' 
attention for a little time, is that of the re- 
markable apparatus, which forms the ground work 
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of the great experimental discovery made by 
Claude Bernard, which we are in the habit of 
speaking of as the vaso-motor system. The blood- 
vessels of the body {both arteries and veins) in theii- 
smaller branches ai-e rarely of the same diameter 
many moments together. It has been shown by 
Wharton Jones and Loven that the vascular tninks 
or tubes undergo alternate contractions and ex- 
]iansions in a fairly rhythmical manner ; fxuther 
it was discovered by Bernard that in conse- 
quence of afferent impressions conducted to the 
spinal nerve centres, the arteries of a part may 
dilate, and tliat region consequently contain more 
blood than before, or, on the contrary, the vessels 
may contract and the part become pale and antemic. 
The first of these latter phenomena is called vaso- 
dilatation and the second vaso-constiiction. Each 
of the spinal nerve centres apparently possesses 
this pi-operty to a gi-eater or less extent, but, as I 
pointed out to you, the fibres which concern them- 
selves with the size of the blood-vessels leave the 
spinal cord — i.e., the spinal nerve centres — by means 
of the dorsal nerves more especially, an arrangement 
which, as I have previously mentioned, seemed to 
be conditioned by, more than anything else, the 
gi-eater importance of the vascular supply of the in- 
ternal oigans, inasmuch as the functions of the body 
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which are absolutely essential to life are b}' this 
means regTilated and efficiently adjusted to its 
needs. To give you an idea of the remarkable 
power and influence of this system, I may mention 
that in some animals in which it seems to be well 
developed, and in whom the alimentary canal, foi' 
example, is of special importance, such for instance 
as in the rodents, if the nerves which run from the 
spinal centimes for vaso-constrietion are divided {and 
these are termed the splanchnic nerves) the result is 
to produce such an extreme and extensive dilatation 
of the vessels in the abdominal viscera that practically 
all the blood of the body collects therein, and the 
animal will die because not enough blood gets to the 
brain, lungs, and other important centres of life. 
In short, as has been appropriately said, in this case 
it is just as though the animal had died fi-om loss of 
blood, though the blood had passed not out of the 
body, but merely into this particular system of blood- 



The little centres, therefore, which preside over 
this function are dotted all down the spinal cord in 
each segmental division of it, the points at which 
they are especially connected being the beginning of 
the dorsal region, and the places where the firat two 
or three lumbar ner'ves start from the lumbar en- 
largement. 
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5. &c?'e<ion.— The spinal nerve centres, like 
efferent centres elsewhere, when actively stimulated 
can determine the process of secretion by the glands 
of the body, thus revealing a further function which 
they subserve. 
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LECTURE IX 



We come now to consider finally : 

a. The arrangement of the foregoing centres in 
the Bulb or Medulla oblongata. 

6. The arrangement of the conducting channels iu 
the conL 

The arrangement of the centres in the bulb and 
the grey matter of what is called the mesencephalon is 
in no way peculiar. These centres, like those of the 
spinal cord, are simply stations for the reception and 
giving out respectively of afferent and efferent im* 
pulses, and the only point in which they differ from 
the spinal centres is that they are usually spoken of 
according to the number or name of the cranial 
nerve with which they are in relation. The names 
of these nerves partly interpret their function, and 
they are numbered in order from before backwards, 
as follows : — 

1. Olfactory. 

2. Optic. 

3. Oculo-motor. 
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- The crania] neives in order from the thiid to the twelfth. 

= Develofnug cerebral hemispheres. 

= Hid brain. 

= Foarth ventiicle. 

= Commencement of bulb, or medolla oblongata. 

n their posterior roots. 
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: to S) = The cervical nerres and gangli 
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SO 
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: to 2) = The coccygeal „ „ 




Ht = Ventricle of heart. 








IS = Sciatic nerre cut Bt its origin. 
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4. Oculo-motor. Trochlear. 

5. Trigeminal sensory and motor. 

6. Oculo-motor. 

7. Facial motor. 
S. Auditory, 
9. Glosso-pharyngeal. 

10. Vagal, 

11. Spinal accessory. 

12. Hypoglossal. 
All these nerves, in some measure or other, are 

comparable to the anterior or posterior roots of the 
spinal nerves, but what that relation is, is not yet 
known in its completeness. 

The way in which these centres are grouped 
is also a little different from the spinal centres, 
inasmuch as they are placed relatively one to the 
other in groups and not merely in regular ordei' 
one above another. This, as will be seen directly, 
is merely a convenience on account of the varied 
ftmctions they have to subserve, and owing to the 
fact that some of them are in relation with even 
the most distant parts of the body. A good example 
of the way iu which they are grouped and specialised 
is, I think, the centre of the oculo-motor nerves. 
This term oculo-motor is usually reserved only for 
the third nerve, but, as a matter of fact, the 
fourth and the sixth both supply muscles of the 
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eyeball for moving that organ- From the experi- 
ments of Hensen and others on the lower animals, 
we know that there is not only a bulbo-spinal 
arrangement of centres for the movements of the eyes 
to direct the field of vision, but also an apparatus 
to control the movements of the pupil (which, as you 
know, is simply the hole in the iiis, the little dia- 
phragm in the eye which cuts off excessive rays), and 
at the same time a muscle, which, by contracting 
or relaxing, alters the shape of the lens, and focuses 
objects of near or far distance. This arrangement 
is called the mechanism of accommodation. The 
little centres which provide for the proper combined 
action of all these parts you see situated in the grey 
matter of what is called the aqueduct of Sylvius, but 
which is nothing more than a continuation of the 
central canal of the spinal cord. I have another 
reason for drawing your attention to this bulbo- 
spinal apparatus for the third nerve, since when we 
come to study the arrangements in the cortex cerebri 
for the movements of the eyes we shall see that the 
centres therein placed are relatively of great import- 
ance and extent. 

Passing down the list of the cranial nerves and 
their centres we can leave out of count the fifth, 
because that is after all merely a combination of 
sensory and motor chaimels for the parts about the 
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jaws and tongue, and so also we need not dwell upon 
the centre for the facial nerve smce that simply 
provides for the movements of the muscles of the 
face — i.e., for respiration, mastication, &c. Coming 
to the next nerve, the eighth or auditory nerve, we 
do find here material for special interest. Not as far 
as mere hearing is concerned, since that nat\u'ally is 
only a variety of sensory or afferent Impulses, but 
because of another and most important function 
which it has to perform. I have already spoken to you 
of the fact that the cerebellum or small brain is that 
part of the encephalon which chiefly regulates the 
movements of the muscles, so that we should stand 
upright and walk straight, when need be, without 
troubling our attention for the purpose. And 
further I have already suggested that the cerebellum 
gets the information It requires, as to the position 
of the various parts, from the contractions of muscles 
or, as they have been called, muscular sense Impress- 
Ions. This is not all however. It requires a more 
delicate apparatus than this for the appreciation of 
the position of the body in space. To effect this 
completely there is a special ari'angement by means 
of which the cerebellum, through the agency of the 
eighth or auditory nerve, is kept informed of tlie 
position of the head. Now it Is universally agi-eed 
that there are but three dimensions of space — i.e.. 
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length, breadth and height. Or, if we are to put it 
in other words for our present purpose, the estimation 
by the brain of its position in space will be provided 




Vertical section (diagrammatic) of ear . 
AG = External meatus, or ohannel of ear. 
T = Drum. In section. 
P = Middle ear of tympanum, 
s, a, h = Oaalclea — i^., little bonea of ear. 

V = Vestibule. Krom this branoh upwards the three 
semicircular oanale. 
The spiral is the coohlea, for appreciation of tones. The audi- 
tory nerve is not shown, but pieroea the bone at U to roach the 
bases of the Bemicircalar canals and cochlea. 

for, if the apparatus devised can tell when the head 
is being moved up and down, forwards and backwai'ds, 
and from side to side. This is accomplished by an 
arrangement of three little canals, which from their 
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shape are called semicircular, and which are situated 
in connection with the ear, in the same bone, the ear 
bone. These little canals consist of a vertical one, a 
horizontal one and an obliquely directed one, as 
shown in the diagi'am, and they contain fluid, which 
is capable of irritating the ends of the auditory nerve 
by means of its movements according as the canal is 
tipped in any given direction. 

A large part of the auditory nerve consequently 
forms the receiving organ of the impressions pro- 
duced by the movement of the fluid according to the 
position of the head. It transmits those impressions 
to its centre in the medulla and thence to the cere- 
bellum. When the fluid in these little canals is 
violently agitated, as in a sea voyage or in a swing 
or other ways, then the person feels giddy, the cere- 
bellum becomes as it were bewildered and other 
symptoms appear, which are due to the excitation 
spreading in the bulb to the next centre — viz., that 
of the vagus. 

The sense of taste is provided for by sundiy 
other nerves — namely, the ninth nerve, or glosso- 
pharyngeal (the next to the auditory just described), 
together with a branch of the fifth nerve already 
mentioned, by means of which the hind part and the 
fore part of the tongue are respectively able to 
taste substances. 



19(> TKE STRUOTL'RE AND FUNCTIONS lbct. ix. 

We come now to the study of the centres of the 
vagus nerve, and we may as well couple with it the 
upper part of the spinal accessory. This is by far 
the most important centre that we have to deal with, 
for the vagus nerve, as is shown in diagram (Fig. 28) 
supplies not only the lungs and the heart, but also the 
alimentary canal, and it is because it has all these 
diverse duties to perform, that it becomes the most 
influential nerve in the whole body, and as we shall 
see presently, destruction of its centre in the medulla 
oblongata is a fatal event. You will observe that 1 
am speaking all along of the centres of origin of each 
of the cranial nerves, but when we come to regard 
those for the vagus, we discover that we are not 
yet quite able to say that such and such a path 
of it, or connections of nerve cells, are reserved for the 
function of respirati<in or for the regulation of the 
heart respectively. Therefore, it has long been the 
custom to spe-ak of a respiratory centre and of a 
eai-diac centre, &c. &c., using these terms to cover 
our want of exact knowledge as to which division of 
the structure It Is to which we can refer the function 
about which we actually know more. T shall there- 
fore adopt this older established nomenclature so as 
to make what I have to say harmonise with our exact 
knowledge and with customary terminology. 
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Respiratory Centre. 

It is known from cases iji which the upper pai't of 
the brain, even the cerebral hemispheres, remain un- 
developed in certain instances in various animals, 
that neveitheless the individual, thus ver}- incom- 
pletely built, can breathe and in other ways live. 
In other words it is obvious that the complicated 
bellows-like arrangement of expansion and contraction 
of the chest, to drive the air in and out of the lungs, 
must be regulated by the bulbo-spinal centres in the 
medulla oblongata and in the spinal cord. But it 
could only naturally be determined by direct experi- 
ment as to which part it was that liad tlie requiied 
function. The experiments in question were designed 
and cari'ied out in the most wonderful waj', chiefly 
by the work of Legallois, and later Rosenthal. 
Rosenthal, by employing the method of dividing the 
bulb * at different levels, proved that thei'ein was 
contained the central apparatus in question, that, if 
only it were intact, regulai' rhythmical impulses of 
the required rate of 14-16 a minute would pass out 
in order to eifect the ventilation of the lungs. It 
then became naturally a very important thing to find 
out why this part of the bulb should perform this 
regular and most important I'hythmical action, and 

* Or medulla obloDgata. 
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wliicli further was the nerve tract along which the 
impulses came to and left the centi'e. Chiefly by 
Rosenthal's researches it was obvious that the vagus 
nerve was par excellence, the nerve of respiration. 
Numerous observations by various authors confirmed 
this view, and it was shown by Hering and Breuer 
that up the vagus nerve passed impulses fi'om the 
lungs, according to the distention of those oi'gans. 
Thus, when they were inflated witli air, the respira- 
tory centre, so called, received impressions which 
led it to give out impulses to the respii-ation muscles 
of an expii'atory natui'e — i.e., driving out the air 
from the distended lung : whei-eas these authoi-s 
found, on the other hand, that if air were artifi- 
cially sucked out of the lung, its consequent col- 
lapse caused the respiratory centre to make special 
inspiratory efforts. Similarly Dr. Semon has shown 
that the vagus nerve is the conductor of impulses 
from the lungs, of such nature that tlie centres in 
the medulla which move the vocal cords keep these 
latter apart as far as possible in quiet respiration, so 
that they should not obstnict the passage of air to 
and from the lungs. It will naturally occur to you 
that, as the respii'atorj' muscles include the diaphragm, 
the intercostal muscles, which fill the spaces be- 
tween all the ribs, &c., the spinal centres which 
innervate them must also i)e I'eckoned as integi^al 
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parts of the nerve respiratory apparatus. And this 
is doubtless true within certain limits. Thus, several 
authors, and most recently Wertheimer, have shown 
that if the spinal coi-d be divided just below the 
medulla oblongata, and if, to provide against the 
consequent total arrest of breathing, artificial respira- 
tion be applied and kept up, it is possible to so 
educate, as it were, the spinal nerve centi-es as to 
work them into a condition of keeping up respiratoiy 
movements. There seems to be, however, some 
reason to think that these movements under these 
circumstances are not exactly comparable to those 
evoked by the centie in the bulb. 



Canfiar Centre. 

We are now compelled to pass on to the next 
fundamentally important centime — viz., that for the 
heart. Now when we consider the heart, we see at 
once that it does not require a special central 
apparatus to keep it going as the lungs do, since 
it contains within itself a well developed system 
of peripheral ganglionic nerve ceuti-es, and, in 
addition, its muscular substance in great measure 
is able to ihythmically contract under pi-oper stimu- 
lation. The representation of the heart, therefore, 
in the bulb is more of the nature of a provision 
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ibr its proper co-operation with the other organs, 
eBpecially the lungs, and since, furthermore, as an 
organ it is particularly susceptible to external im- 
pressions — e.g., temperature, kc., and readily alters 
its rate thei-eby, it is of the fii'st importance that 
there should be some nerve apparatus equal to the 
task of regulating its beats, and acting as a governor. 
That apparatus we are in the habit of speaking of as 
the cardio-inhibitory centre, inasmuch as it usually 
slows or stops the beating of the heart. This, we 
know (see ^. 33) is provided by the vagus nerve, 
and when we turn to experiments, which have been 
made on the localisation of this centre in the medulla, 
we discover that it is situated at the lower end of 
the cavity of the fourth ventricle, the floor of which 
constitutes, as you know, part of the gi'ey matter of 
the bulb, and, we may add, the principal part. The 
fourth ventricle, as I have explained before, is the 
expanded end of the centi'al canal of the cord, and, 
being a lozenge-shaped area, it has a lowest angle in 
the middle line. This lowest angle, which is just 
where the central canal of the cord opens out on the 
surface, is, owing to its resemblance to the nib of a 
pen, called the calamus scriptorius. It is in the 
grey matter just above this calamus scriptorius that 
the cardio-inhibitory centre is seated. Stimulation 
of this spot with an electric current in an animal 
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will produce instant arrest of the heart as we saw 
when we stimulated the vagus nerve itself. But 
this part is also a portion of the region which serves 
the respiratory fiinctiou, and underneath it pass 
many of the fibres which go down to the centres for 
the movements of the respiratory muscles low down 
in the spinal cord. It is not surprising, therefoi'e, 
that Flourens termed this region of the bulb the 




Kith the centres of the mrvas arbing 

" noeud vital," inasmuch as any sudden injury to 
this vital knot caused instant death, and this is no 
doubt due to the simultaneous arrest of the heart 
and of the respiration. To sum up, therefore, we 
see that thei-e are a respiratory centre and a cai-dio- 
inhibitory centre in the bulb, that both are of the 
utmost importance, and that the latter certainly, and 
the former most probably corresponds with the 
centre of origin of the vagus nerve. 
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Vaj^o-mofur Centre. 



We now have to gjieak of a centre, which has most 
important duties, but the exact situation of which 
it) the medulla oblongata we do not know. It 
has for its duty the maintenance of the calibre of 
the blood-vessels at a certain pitch. The heart, as 
you know, is nothing but a foi'ce pump continually 
injecting blood into a closed system of tubes, which 
we call the blood-vessels. Owing to its persistent 
action the blood, of course, is always at a certain 
pressure, hence when a blood-vessel is cut across the 
blood spurts out owing to the pressure with which it 
tills the vessels. That pressure, however, is not 
merely maintained by the heart, and it would be a 
very clumsy an-angement if it were, inasmuch as 
it would have to Ije continually accommodating 
itself to the needs of the body generally, and more- 
ovei' could not provide for any sudden local demand 
foi' greater or less supply of blood to some limited 
part. This difficulty is got over by means of the vaso- 
motor centre. This was pi-oved by the experiments 
made on animals by Owsjannikof, in which he, by the 
method of making sections and by stimulating the 
centre reflexly, proved tliat there was in the bulb a 
little collection of nerve cells, which were perfectly 
C-apable of causing a powerful contraction of all the 
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blood-vessels in the body if they were excited into 
activity, and, on the other hand, that if they became 
paralysed, then all the blood-vessels in the body 
dilated. I have already suggested to you that there 
were little centres for the same duty dotted all down 
the cord and that they were all governed by this one 
centre in the medulla oblongata ; that was no doubt 
perfectly true, though the subordinate centres in 
the spinal cord are not, in man at any rate, or indeed 
in any of the higher animals, able to maintain such a 
perfect control of the vessels as is effected by the 
bulbar centre. I have only to add that the heart is 
directly connected with this centre by nerve fibres 
which influence the centre according to the amount 
of distention of the heart ; hence if that organ is 
getting overpowered by blood the vaso-motor centre, 
in obedience to the information it receives from the 
heart, so loses its influence over the blood-vessels 
that they dilate and, the general blood pressure being 
thus lowered, the heart is relieved. This vaso-motor 
centre is obviously one of the greatest importance. 
We are imfortunately rather precluded as yet fi:om a 
correct analysis of its duties, because the phenomena 
to which it gives rise resemble those produced by 
the heart itself. 
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Other Ceyitiva in the Bulb. 

When we consider the manifold relations of the 
vagTis nerve with the alimentary canal, it is obvious 
that the bulb or medulla oblongata must be the seat 
of various functions of different organs. Thus, tlie 
simple actions of the tongue and throat in swallow- 
ing are provided for by the nuclei of the vagus, spinal 
accessory and hypoglossal nerves, so that we are in 
the habit of speaking of the deglutition or swallow- 
ing centre. And so also the larynx is very widely 
connected with the same parts ; and we have 
plionation on the one hand, and coughing on the 
other, all represented in the same region. 

With this survey I am obliged to content myself 
at present, and must reserve further individual 
points after we have seen the functions of the 
cortex of the brain. I would only point out to you 
that, on the whole, the centimes in the bulb resemble 
those in the spinal division of the lowermost 
or bulbo-spinal centres — viz., in being unilatei'al, 
each one of each pair is simply concerned with the 
same side of the body. 

Before bringing this lecture to a conclusion one 
duty yet remains, and that is, to summai'ise and 
slightly extend the knowledge we have ak-eady 
obtained of the channels of conduction, which exist 
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in the bulb and spinal cord, and by means of which 
the impressions are conveyed to and from the 
brain. 

The spinal cord is obviously a single mass of two 







I = Olfactory bnlb. 
// = Optic nerves at their crossing or ohiasma. 
Ill = Third cranial nerve. 

u = Hippooampal gytns ending in unciform lobe. 
Or = Cms, or pedanole of brain. 
Pi = Pitaitary body. 
V = Fifth cranial nerve. 
Fb = Pons Varolii. 
tr = Trapezium. 
pd = Pyramid. 
Ob = Cerebellnm. 
mo = Uednlla obloi^ta, or bulb. 
^jC = Spinal cord. 
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ileiinecl halves. Following its plan beyoud the bulb, 
we come fii-st to the cerebellum, and we see that 
here each half has its own stalk running into it. 
So too the remainder of each half of the longitudi- 
nally directed fibres in the bulb soon diverge fi-om 
those of the opposite side, so as to leave a wide 
space between them, and plunge into the base of 
each cerebral hemisphere. Where they leave the 
bulb proper, they are covered by transverse fibres, 
which connect the two halves of the cerebellum, 
and, owing to these fibres, this region was called by 
Varolius the "pons," or "bridge," and it is always 
known by this name, the pons Varolii {see Po in 
Fig. 47 of a cat's brain). Above the pons the diver- 
gent fibi'es form the cerebral peduncles, or crura cere- 
bri, which parts, you must \mderstand, are composed 
of afferent fibres going up to the brain and efferent 
fibres coming down from the brain. Of the former 
we know little ; with the latter we are fairly familiar. 
Moreover, whereas the latter run straight down from 
the brain into the cord to join the bulbo-spinal 
centres, without suffering a break in their coui'se, 
the former are interrupted in the bulb. We will 
therefore take the latter first, as easier of compre- 
hension. 



OF THE NERVOUS SYSTEM. 



The Efferent Motor Channels. 

These run on the ventral side of the crura, and 
are shown in the transverse section in Fig. 50, 
They then pass through the pons behind tlie fibres 
which connect the halves of the cerebellum, and so 
reach the bulb. When they get to the bulb, they 
are there gatliered still more obviously into bundles, 
and then they perform the remarkable crossing that 
I referred to some lectures ago, and which, I also told 
you, was possibly due to the crossing of the optic 
nerve. This crossing of the pyramids, as the bundles 
of fibres are called, occurs just below the calamus 
scriptorius. A few of the fibi-es do not cross, 
but run down the same side of the coi-d in the 
anterior column, close to the middle line — i.e., close 
to the anterior fissure. The vast raajjority however 
run down on the opposite side of the cord, and ai'e 
spoken of as the crossed pyramidal tract. If they 
are injured in any part of their course, all the fibres 
below the point of injury degenerate, and by i-eason 
of this degeneration exhibit their situation in the 
spinal cord very clearly. These fibres terminate in 
the bulbo-spinal centres : that also I reminded yon 
of when speaking of the delay or loss of time caused 
in the activity of these spinal nerve centres. 
Whether they join the network of the nerve cells. 
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or whether they are lost in the field of conjunction, 
we do not know. All we know is, that they do not 
pass out directly into the fibres of the anterior root, 
hence we see that the centres in the cortex, of a 
necessity, discharge their impulses via the bulbo- 
spinal centres. Thus far matters are sufficiently 
simple. 

The Afferent (Sensory) Channels, 

On the afferent side our knowledge is less exact. 
The fibres of the posterior roots, which we know 
to enter the cord, as I have before explained to 
you, are divided into two great classes, first, 
those that run straight up the cord in the pos- 
terior column, without touching the nerve cells 
until they reach the medulla oblongata ; and 
secondly, those which are soon lost in connection 
with a nerve cell. Perhaps in all these, cer- 
tainly in most, there is a preliminary division of 
the nerve fibre before it takes either of the above 
mentioned courses. And this division consists in 
its bifurcation (p) into two branches, one (u) which 
runs up the cord, and the other which runs down 
the cord (d), as shown in Figure 48. This much 
has partly been found out by the anatomical 
method of degeneration of the fibres, consequent 
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upon injury of the posterior roots, and also from 
the mode of staining nerve fibres introduced by 
Golgi. 




of spinal corA— KBi/iter. 



' Fibres ranning loi^tnclinaUy in the spinal cord. 



The physiological plan of investigation however 
has also thrown light upon this difficult subject. But 
before examining it, we must first say that the direct 
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fibres just spoken of have not been traced further than 
tlie biilb,where they evidently terminate in nerve cells, 
from which, doubtless, nerve fibi'es pass up to the 
hemispheres along as yet unknown tracts. 

Turning now to the physiological method, we have 
already seen that these spinal centres, continually 
receiving afferent impi-essions, are also as continually 
sending them up the cord, by means of internun- 
cial fibres connecting the centres with each othei'. 
Attempts have been made also to trace the conduc- 
tion of impulses upwards by dividing the various 
cohnnns of the cord in animals, and then seeing how 
fai- afferent Impulses were blocked in their passage 
to the brain. Unfortunately this method is vitiated 
by one great fallacy — viz., the constant presence of 
activity on the part of the nerve centres, a factor which 
renders it impossible for a definite opinion, based 
ujjon this experiment alone, to be expressed as to 
the existence or non-existence of channels indepen- 
dent of nei-ve cells. Therefore Mr. Gotch and myself 
determined to investigate this subject by the elec- 
trical method. The an'angement of experiment is 
shown in Fig. 49; one part of 'the spinal cord was 
divided and connected with the galvanometer (G), 
and another pai't, above or below according to our 
wish, divided also, and each column of the coi-d 
respectively stimulated (-E.t). The result naturally 
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was a (lertection in the galvanometer, pi'oportioiial to 
the number of fibres which were the seat of excita- 
tion. We have tlnis found that 80 per cent, of 
afferent impulses travel up the same side of the cord. 




TranBverse section of the mid brain through the pons Varolii. — Oberetehitr. 
Pi) = Pyramidal (descending) fibres cut across. 
Fa = Pons fibres running aoroaa from each lobe of cerebellum, &c. 
I»i = FiUk. 
Frig - Tegmentum. 
F!p = Longitudinal fascicuIuB. 

the So per cent, beuig made up of 60 per cent, of the 
total going up the posterior cohnmi, and 20 per cent, 
g'oing lip the lateral column : wliile of the remain- 
ing balance more than i 5 per cent, passed up the 
posterior column on theopiiosite side and a trace up 
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the lateral column of that side. We know that in 
all probability, when these impulses reach the 
medulla oblongata, whether they come by the 
direct or by the indirect path, that they, after 
union with the nerve cells there situated, most 
probably gain the hemispheres by longitudinally 
directed fibres, which have received the name of 
the fillet and which pass deeply through the mesen- 
cephalon, through the peduncles and ventrally to 
the grey matter of the aqueduct of Sylvius ; with 
this explanation we must remain satisfied. The im- 
pressions conveyed by these fibres or channels in 
the cortex of the brain are tactile, sensory im- 
pressions of heat or cold, pain, &c. &c., and of their 
final destination I shall speak in the next course of 
lectures. 
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